TEN  YEARS'  PROGRESS 

IN 
WATER  WORKS  PUMPS 


WITH  NOTES  ON 

DUTY  AND  ECONOMY  COMPARISONS 

TESTING  OF  STEAM  TURBINES 

AND  CENTRIFUGAL  PUMPS 

MEASURING  HEAD  &  FLOW 

FLOW  OF  WATER  IN  PIPES 

ETC. 

A  Manual  For 
Water  Works  Officials  and  Engineers 


E.  LAURIE  CO., 

CONTRACTING  ENGINFIP'RS 

TELEPHONE  UPT.  9475 

116  Stanley  St.    MONTREAL 


DE   LAVAL  STEAM  TURBINE  CO, 

TRENTON,  NEW  JERSEY 


Copyright  1921 


^iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiir iiiiiiiiiiiininiiniiininiininiiriiiiiiiiiiMiiiiiniiniiiiiiiiiiiiinmiitiiiiiiniiHiMiiiiiiiHiiHiniiniHiiiiiiniiiiiHiiiiiuiiiiiiniiiiiiiiiiiiiniiiiiiniiriiniiiiiiiiinnniiiiMiiiiiniiiiiiMiniiniiii 

I      i  DELAVALSTEAMTURBINECO.  | 

=        iiiiiiiiimimiiiimiimiiiiimiiiiiiiiiiiimilliimiiiiiiimiiiiiiiiMiiiiiiiimiiiiiiiiiiniinniiiiiiriiiMiiiinnniiiiiiHiinnnniiiiMniiniiiiiniiiHininiiiiNiinniniiJiiiiiiin 


o 
U 


E 


m 
o 


JiiiiiiiHiiiiiHiiiiHiiiiiiiriiniiiiiiinimiiHiiiiiniiiiiitniiiiHiiiiimiiiiiitiiiiiiiiiininiiHiiiiiiiiiiiiiiiiitiiiiiiininiiiiiHiHiiiiiiiMiiiiiiiiiiiiiiiiiiitiiiiMiiiiiiiiiiiiiiiiiiiiiiiin 


tJiiiniininiiiiiniiiiiiniiiiiiiiiiiiiiiiiiiHiiiiiiiMiiiiiiiiiiiiiinNiniiiiniiiuiiiiiiiitiiiininiiiHiiiiiiiMiiiiiiiiiiiiiiiniiiMNiiiiiiiiiiiiMiiiiiiiiiiiimiiMriiiiiiiiiiiiiiiiiiiiiii 

I  WATERWORKSPUMPS  sf 

=       tiitiiiiiiniiiiiMiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiHiniiiHiiitiitiiiiiiiiiiiiiiitiiiitiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiMiiiiiniiiiiniiiiiiiiiiiniiniMiiir  i 


PROGRESS  OF 

STEAM-TURBINE-DRIVEN  CENTRIFUGAL  PUMPS 

IN  WATER  WORKS  SERVICE 


WITHIN  the  past  ten  years  the  centrifugal 
pump  driven  by  the  geared  steam  turbine 
has,  in  effect,  displaced  the  reciprocating 
pumping  engine  as  the  accepted  means  for  pumping 
water  in  relatively  large  quantities.  A  very  large 
number  of  units  of  this  type,  built  by  the  De  Laval 
Steam  Turbine  Co.,  have  been  installed  to  date. 
In  aggregate  capacity  these  units  exceed  two 
billion  gallons  of  water  per  24  hours,  the  largest 
capacity  of  a  single  unit  being  110,000,000  gals,  per 
24  hrs.  The  heads  pumped  against  range  from  30 
ft.  to  400  ft.  The  steam  turbines  driving  the  units 
develop  from  100  to  2400  shaft  h.p.  each,  averaging 
a  little  under  1000  h.p. 

The  large  capacity  steam-turbine-driven  centrifu- 
gal pump  was  made  possible  by  the  development 
of  the  highly  successful  De  Laval  double-helical 
speed-reducing  gear,  which,  in  turn,  was  the  result 
of  long  experience  in  the  design  of  such  gears  and  in 
developing  the  equipment  and  methods  for  their 
manufacture.  Extensive  use  of  these  gears  for  driv- 
ing, not  only  centrifugal  pumps,  but  also  ships'  pro- 
pellers, rolling  mills,  shafting,  electrical  machinery, 
etc.,  has  shown  that  they  run  with  practically  no 
noise  or  wear,  and  that  they  show  a  mechanical 
efficiency  of  98^%  or  over. 

ADAPTABILITY 

De  Laval  steam-turbine-driven  centrifugal  pumps 
are  adapted  to  meet  all  water-works  conditions. 
Individual  units  are  capable  of  delivering  widely 
varying  volumes  against  widely  varying  heads 
while  maintaining  high  efficiency,  as  shown  by  the 
charts  on  page  4.  When  delivering  into  a  system 
of  constant  equivalent  orifice,  as  where  the  resist- 
ance is  principally  due  to  friction  through  mains,  the 
efficiency  is  practically  constant  at  all  speeds,  the 
delivery  increasing  directly  as  the  speed  and  the  head 


as  the  square  of  the  speed.  When  delivering  against 
a  constant  head,  the  volume  delivered  can  be  carried 
through  a  range  of  50%  without  serious  variation  in 
efficiency.  When  widely  differing  heads  are  required 
at  different  times,  as  for  domestic  supply  service  and 
fire  service,  two  pumps  can  be  driven  by  one  tur- 
bine, with  piping  so  arranged  that  they  can  be 
operated  either  in  parallel  or  in  series.  The  De  Laval 
turbine-driven  centrifugal  pump  can  be  brought  into 
service  upon  short  notice,  without  long  preliminary 
warming  up,  and  can  be  speeded  up  without  harm,  in 
order  to  increase  pressure  and  delivery. 
"  The  steam-turbine-driven  centrifugal  pump  is  not 
limited  in  capacity  like  the  reciprocating  pumping 
unit,  which  cannot  be  built  in  sizes  exceeding  about 
1200  indicated  h.p.  without  requiring  an  impossible 
low-pressure  cylinder  diameter.  The  steam-turbine- 
driven  centrifugal  pump,  on  the  other  hand,  can  be 
built  successfully  in  sizes  of  5000  water  h.p.  or  over, 
and  it  is  thus  possible  in  large  water-works  systems 
to  realize  the  economies  in  fuel,  supplies,  labor,  and 
overhead  cost  which  follow  from  consolidation  of 
units. 

The  steam  turbine  is  able,  much  more  so  than  the 
reciprocating  engine,  to  benefit  from  increased  pres- 
sure, higher  superheat,  and  better  vacuum,  as  ob- 
tained with  modern  condensers.  The  turbine  gains 
about  1%  in  economy  for  each  10°  F.  of  superheat, 
and  about  8%  for  an  increase  of  vacuum  from  28  to 
29  in.  mercury  referred  to  a  30-in.  barometer,  whereas 
the  reciprocating  engine  receives  little,  if  any,  benefit 
from  increase  of  vacuum  above  28  in.  The  turbine, 
also,  can  be  coordinated  with  auxiliary  units  to  better 
advantage  to  secure  heat  balancing  and  maximum 
plant  heat  economy,  as  by  withdrawing  steam  from 
an  intermediate  stage  of  the  turbine  to  heat  boiler 
feed  water  or  by  utilizing  to  the  fullest  advantage  in 
the  turbine  the  steam  exhausted  from  auxiliaries. 
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Relation  between  delivery  and  duty  of  De  Laval  Steam-turbine-driven  Pump  when  pumping  against  constant  head. 
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Characteristics  of  De  Laval  Centrifugal  Pump  at  different  speeds. 
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DUTIES  DEVELOPED 

Since  the  first  large  De  Laval  steam-turbine-driven 
centrifugal  pump  for  municipal  water-works  service 
was  installed,  De  Laval  equipments  have  continu- 
ously held  the  records  for  duty  for  this  type  of  unit. 
In  1910,  the  De  Laval  high-lift  pump  at  Evansville, 
having  a  capacity  of  15,000,000  gals,  per  day  against 
162  ft.  head,  delivered  110,000,000  ft.  lbs.  per  1000  lbs. 
of  steam  at.  145-lb.  gage,  a  record  duty  at  that  time 
for  steam-driven  centrifugal  pumps.  Following  this, 
in  1914,  the  De  Laval  steam-turbine-driven  pump  at 
the  Ross  Pumping  Station,  Pittsburgh,  developed  in 
the  official  acceptance  test  a  duty  of  121,390,000  ft. 
lbs.  per  1000  lbs.  of  steam  at  151.07  lbs.  per  sq.  in. 
gage  when  delivering  101,935,000  gals,  per  day 
against  58.765  ft.  head. 

Later  in  the  same  year  a  De  Laval  steam-turbine- 
driven  centrifugal  pump  at  the  John  Street  Station, 

Toronto,  gave  a  duty 
of  130,449,000  ft.  lbs. 
per  1000  lbs.  of  steam 
at  137.4-lb.  gage,  when 
delivering  at  the  rate  of 
18,373,000  Imperial  gals, 
per  day  against  114.1  lbs. 
per  sq.  in. 

This  high   record  was 

again  greatly  exceeded  on 

the  last  day  but  one  of 

the  same  year  by  the  De 

Laval  unit  at  the    Kirt- 

land  Station,  Cleveland, 

which  developed  a  duty 

of  152,020,000  ft.  lbs.  per 

1000  lbs.  of  steam 

when    delivering 

30,300,000    gals. 

per  24  hrs.  against 

236.3-ft.  head. 


LIFE  OF  APPARATUS.    YEARS 


Annuities  for  sinking  fund  to  cover  depreciation  or  amortization  charges  for 
different  terms  of  life  and  rates  of  interest. 


On  March  8,  1917,  the  John  Street  Station  of  the 
City  of  Toronto  recovered  the  leading  position  with 
a  record  of  157.62  million  ft.  lbs.  per  1000  lbs.  of 
steam  at  144.6  lbs.  per  sq.  in.  gage,  obtained  in  the 
official  test  of  one  of  the  new  De  Laval  units  when 
delivering  25,100,000  Imperial  gals,  per  day  against 
107.18-lb.  pressure.  Details  of  these  record-making 
tests  will  be  found  in  the  following  pages  under  the 
cities  mentioned.  Still  higher  duties  have  been 
guaranteed  for  several  large  De  Laval  units  now 
under  construction. 

PUMPING  COSTS 

The  rapid  progress  of  the  steam-turbine-driven 
centrifugal  pump  in  water-works  service  is  due  to 
its  ability  to  pump  water  at  the  lowest  total  cost, 
which  includes  Capital  Charges,  Attendance  and 
Supplies  and  Cost  of  Steam.  Each  of  these  sub- 
divisions of  total  cost  will  be  treated  separately. 

CAPITAL  CHARGES 

The  reason  for  the  rapid  progress  of  the  geared 
turbine-driven    centrifugal    pump    in    water    works 
service  is  to  be  found  in  the  fact  that  it  pumps  water 
at  the  lowest  total  cost.   This  arises  both  from  lower 
operating  costs,  including  fuel,  supplies,  repairs,  labor, 
and  superintendence,  and  from  lower  capital  charges. 
Capital  charges  comprise  the  annual  interest  upon 
the   investment   and   the   annuity  or   sinking   fund 
charges  covering  the  pumping  equipment,  its  foun- 
dations,   and    the    building  which    houses    it,    also 
cranes    and   craneways.     The   steam-turbine-driven 
centrifugal  pump  has  a  great  advantage,  not  only  in 
its  lower  first  cost,  but  also  in  the  facts  that  it  occupies 
only  about  one-third  to  one-half  of  the  floor  space 
needed  by  the  reciprocating  pump  and  weighs  only 
a  small  fraction,  frequently  less  than  one-tenth,  as 
much  as  the  reciprocating  unit.    It  therefore  requires 
only  a  comparatively  small  building,  with  little  head 
room,  as  the  parts  handled  by  cranes 
are   small.     The   reciprocating  pump, 
on  the  other  hand,  requires  a  large, 
high    building,   substantially    built    to 
support  cranes  of  large  capacity.    Large 
and    expensive    foundations    are    also 
required    by  the  reciprocating   pump, 
not  only  because  of  the  great  weight 
of   the    machine,    but    also    to    resist 
the  vibration   and  strains  due  to   un- 
balanced reciprocating  motion.    Where 
conditions    for   foundations    are    bad, 
the  advantages  of  the  centrifugal  pump 
stand  out  strikingly. 
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Wheel  Case  of  De  Laval 
Steam  Turbine. 


Depreciation,  replace- 
ment or  annuity  charges 
depend  upon  the  estimated 
life  as  well  as  upon  the 
purchase  cost.  The  diagram 
on  page  5  shows  the  amount 
to  be  set  aside  at  the  end 
of  each  year  for  sinking 
fund  to  cover  depreciation 
or  amortization  charges  for 
different  terms  of  life  and 
rates  of  interest.  The 
values  for  this  chart  have 
been  computed  from  the 
formula 

R 


X  = 


(1+R)"-1 


Turbine  Case  Cover  of  De 
Steam  Turbine. 


where  X=  annual  payment 
made  at  the  end  of  each 
year  to  accumulate  31  at 
the  end  of  n  years,  the  in- 
stallments bearing  interest 
at  R  per  cent. 

The  Valuation  Committee 
of  the  American  Society  of 
Civil  Engineers,  consisting 
of  F.  P.  Stearns,  Leonard 
Metcalf,  J.  P.  Snow,  Alfred 
Noble,  T.  H.  Johnson  and 
W.  G.  Raymond,  recom- 
mended for  public  utilities  a 
different  method  of  figuring 
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depreciation,  in  which  the 
percentage  of  depreciation 
increases  year  by  year  but 
is  so  adjusted  that  the  sum 
of  the  depreciation  plus  the 
interest  upon  the  remaining 
undepreciated  investment  is 
constant  year  by  year  and 
equal  to  the  sum  of  the 
sinking  fund  annuity,  as 
given  by  the  above  formula, 
plus  the  annual  interest 
upon  the  original  invest- 
ment. The  two  methods, 
obviously,  give  the  same 
total  charges  per  year. 

In  estimating  the  prob- 
able life,  the  complicated 
mechanism  of  the  recipro- 
cating pump,  including  nu- 
merous valves,  packings, 
valve  gears,  cylinders,  plun- 
gers and  pistons,  is  to  be 
compared  with  the  few  sim- 
ple castings,  without  rub- 
bing surfaces,  constituting 
the  turbine-driven  centrif- 
ugal pump  unit.  Nearly 
all  parts  of  the  recipro- 
cating unit  eventually  wear 
out,  including  even  cylin- 
ders, which  can  be  rebored 


Pump  Case  of  De  Laval  Centrifugal  Pump. 


Case  Cover  of  De  Laval  Centrifugal  Pump. 
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Cover  of  Gear  Case  of  De  Laval  Geared  Turbine-driven  Centrifugal  Pumping  Unit. 


Gear  Case  of  De  Laval  Geared  Turbine-driven  Centrifugal  Pumping  Unit. 


only  a  limited  number  of 
times.  The  only  parts  sub- 
ject to  wear  in  the  centrif- 
ugal pump,  on  the  other 
hand,  are  such  light  and 
easily  replaceable  parts  as 
the  bearings,  the  labyrinth- 
wearing  rings  of  the  pump, 
the  buckets  of  the  turbine, 
and  at  long  intervals,  where 
water  conditions  are  bad, 
the  pump  impellers  and 
shaft-protecting  sleeves. 
The  solidity  and  practical 
indestructibility  of  the  main 
parts  of  the  steam  turbine 
and  centrifugal  pump  will 
be  self-evident  from  the 
illustrations  on  this  and  the 
preceding  and  following 
pages.  It  is  generally  ad- 
mitted that  30  years  is  as 
long  a  period  as  can  safely 
be  assumed  in  estimating 
the  useful  life  of  pumping 
equipment  of  any  type, 
since  investigation  shows 
that  such  apparatus  has 
generally  been  outgrown  or 
has  become  obsolete  at  the 
end  of  that  time,  in  spite  of 
the  fact  that  it  may  still  be 
mechanically  fit  for  service. 
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ATTENDANCE  AND  SUPPLIES 

The  elimination  of  valves,  packings,  and  recipro- 
cating and  rubbing  parts,  and  of  the  numerous 
adjustments  required  by  the  reciprocating  unit  but 
not  required  by  the  turbine,  results  in  a  lower  cost  for 
attendance  for  the  centrifugal  unit,  usually  about 
one-half  of  that  for  the  reciprocating  plant,  except 
where  only  one  man  is  required.  Cylinder  oil,  which 
is  a  heavy  expense  with  large  multiple-cylinder  re- 
ciprocating engines,  is  not  used  by  the  turbine.  The 
expense  for  bearing  oil  and  waste  for  the  former  is 
also  considerable,  while  with  the  turbine  it  is  small, 
since  the  latter  employs  a  closed  oiling  system,  using 
the  oil  over  and  over.  There  are  numerous  other 
minor  supplies,  such  as  gaskets,  small  packings,  etc., 
which  must  be  kept  in  stock  for  the  reciprocating 
pump,  but  are  required  very  little,  if  at  all,  by  the 
turbine  unit. 


Pump  Case  Protecting  Ring  of  the  labyrinth  type 
for  100,0(X),000-gal.  Pump. 


COST  OF  STEAM 

The  chart  on  page  5,  and  the 
charts  on  page  11,  have  been 
prepared  to  facilitate  rapid  de- 
termination of  fuel  cost  and  de- 
preciation cost  for  the  purpose  of 
making  ready  comparisons  of  the 
over-all  economies  of  different 
pumping    systems.     The    charts 


De  Laval  Water  Works  Pump  with  cover  raised,  giving  access  to  all  working  parts. 
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Multi-Stage  Steam  Turbine. 


Par+ial  Seciion  A-A 


Double-helical  Speed-reducing  Gear;  the  left-hand  part  of  the  lon- 
gitudinal section  is  taken  through  the  axis  of  the  gear,  while  the 
right-hand  section  is  taken  just  in  front  of  the  pinion. 


Single-stage  Centrifugal  Pump. 
Sections  showing  the  parts  of  a  Typical  De  Laval  Geared-steam-turbine-driven  Centrifugal  Pump 
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shown  herewith  are  designed  to  show  the  fuel  cost 
per  1000  pounds  of  steam  for  given  steam  pressure, 
superheat,  feed-water  temperature,  cost  of  coal,  heat 
content  of  coal  and  boiler  efficiency. 

For  example,  assume  150-lb.  pressure  gage,  100° 
F.  superheat  and  feed  water  at  190°  F.   The  B.t.u.'s 


per  24  hrs.  against  a  head  of  100  ft.  This  figures 
41,650,000,000  ft.  lbs.  per  day,  and  if  the  duty  of 
the  engine  is  150,000,000  ft.  lbs.  per  1000  lbs.  of 
steam,  278,000  lbs.  of  steam  per  day  would  be 
required,  which,  at  28  cents  per  1000  lbs.,  in  365 
days  will  amount  to  $28,400,  approximately.  If  the 
pump  is  not  operated  at  full  capacity 
all  day,  proper  correction  should  be 
made.  The  boiler  horse  power  re- 
quired is  approximately  386. 

Estimating  the  probable  life  of 
boilers  at  20  years,  and  that  5%  in- 
terest can  be  obtained  on  a  sinking 
fund,  the  per  cent,  to  be  laid  aside 
annually  is  3.3%.  (See  chartonp.5.) 
Adding  4%  for  repairs  and  mainte- 
nance and  5%  for  interest,  we  have  a 
total  of  13.3%  by  which  the  total 
cost  of  the  boiler  plant  equipment  is 
to  be  multiplied  and  the  product 
added  to  the  fuel  cost  to  obtain  the 
total  annual  cost  for  steam. 

In  comparing  efficiencies,  it  should 
be  kept  in  mind  that  duty  guarantees 


Cost  of  heat  and  steam  for  various 
fuel  costs,  heat  values,  boiler  efficiencies 
and  steam  conditions. 


per  lb.  of  steam  supplied  by  the  boiler  furnace  will 
be  1094.  Next,  assume  coal  cost  as  35.00  per  ton 
on  the  grates,  14,000  B.t.u.  per  lb.,  and  a  boiler 
efficiency  of  70%.  Using  the  figure  1094  just  ob- 
tained, the  fuel  cost  of  steam  per  1000  lbs.  is  28  cents. 
Suppose  that  50,000,000  gals,  are  to  be  pumped 
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of  centrifugal  pumps  are  always  based  upon  actual  de- 
livery, not  upon  plunger  displacement,  which  is  an  un- 
certain factor.  The  slippage  of  reciprocating  pumps, 
due  to  wear  or  defects  in  valves  and  in  piston  and 
plunger  packings,  is  rarely  lessthan4%,  and  in  many  in- 
stances has  been  found  to  be  several  times  that  amount. 
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MUNICIPALITIES  USING  DE  LAVAL  CENTRIFUGAL 
PUMPS  IN  WATER  WORKS  SERVICE 


Over  150  municipalities  in  the  United  States 
receive  their  water  supply  in  whole  or  part  from 
De  Laval  centrifugal  pumps  driven  by  De  Laval 
geared  steam  turbines  or  by  electric  motors.  Assum- 
ing an  average  daily  consumption  of  150  gallons  per 


capita,  the  amount  of  water  handled  by  these  pumps 
is  sufficient  to  supply  20,000,000  people.  The  cities 
listed  alphabetically  below  are  supplied  by  De  Laval 
centrifugal  pumps,  while  representative  installations 
are  described  in  the  following  pages: 


Akron,  Ohio. 
Albion,  Mich. 
Allentown,  Pa. 
Alliance,  Ohio. 
Ann  Arbor,  Mich. 
Appleton,  Wis. 
Ashland,  Ohio. 
Ashtabula,  Ohio. 
Atlanta,  Ga. 
Atlantic  City,  N.  J. 
Baltimore,  Md. 
Barrie,  Canada. 
Basic  City,  Va. 
Bath,  Me. 

Battle  Creek,  Mich. 
Belleville,  Canada. 
Bellevue,  Ohio. 
Bethlehem,  Pa. 
Big  Rapids,  Mich. 
Bordentown,  N.  J 
Brantford,  Canada. 
Brockville,  Canada. 
Brookline,  Mass. 
Brownsville,  Texas. 
Caldwell,  Kansas. 
Camelton,  Ind. 
Canton,  Ohio. 
Champaign,  III. 
Chester,  Pa. 
Chicago,  III. 
Chicago  Heights,  III. 
Chillicothe,  Mo. 
Chisholm,  Minn. 
Cincinnati,  Ohio. 
Clarksburg,  W.  Va. 
Clarksdale,  Mass. 
Cleveland,  Ohio. 
Clinton,  Okla. 
Coatesville,  Pa. 
Cohoes,  N.  Y. 
Collingwood,  Canada, 


Columbus,  Ohio. 

CORAOPOLIS,  Pa. 

Dallas,  Tex. 
Davenport,  Iowa. 
Decatur,  III. 
Des  Moines,  Iowa. 
Dover,  Mass. 
Dover,  N.  H. 
Durham,  N.  C. 
E.  Providence,  R.  I. 
Elyria,  Ohio. 
Erie,  Pa. 
Evanston,  III. 
EvANsviLLE,  Ind. 
EvELETH,  Minn. 
Fargo,  N.  D. 
Flint,  Mich. 
Florence,  Ala. 
Fredericksburg,  Va. 
Gary,  Ind. 
Geneva,  N.  Y. 
Georgetown,  Ky. 
Grand  Haven,  Mich. 
Greensville,  Ga. 
Hamilton,  Canada. 
Harrisburg,  Pa. 
Hastings,  Mich. 
Hull,  Canada. 
Huntsville,  Canada. 
Independence,  Mo. 
Indianapolis,  Ind. 
Jackson,  Miss. 
Jamestown,  N.  Y. 
Johnstown,  Pa. 
Kansas  City,  Kan. 
Kansas  City,  Mo. 
Knoxville,  Tenn. 
Lachine,  Canada. 
La  Crosse,  Wis. 
Lenoir  City,  Tenn. 


Le  Pas,  Canada. 
Lima,  Ohio. 
Lindsay,  Canada. 
LoGANSPORT,  Ind. 
Long  Beach,  N.  Y. 
Louisville,  Ky. 
Lynn,  Mass. 
Macon,  Mo. 
Madison,  Ga. 
Manchester,  N.  H. 
Mansfield,  Ohio. 
Marshfield,  Wis. 
Martinsville,  Ind. 
Maryville,  Mo. 
McKeesport,  Pa. 
Meapville,  Pa. 
Middletown,  Ohio. 
Minneapolis,  Minn. 
Montreal,  Canada. 

MoORESTOWN,  N.  J. 

Mt.  Forest,  Canada. 
New  Albany,  Ind. 
Newark,  Dela. 
New  Haven,  Conn. 
NiLES,  Ohio. 
Oak  Park,  III. 
Ogdensburg,  N.  Y. 
Olean,  N.  Y. 
Omaha,  Neb. 
Orillia,  Canada. 
OsHAWA,  Canada. 
Oswego,  N.  Y. 
Ottumwa,  Iowa. 
Paducah,  Ky. 
Pawtucket,  R.  I. 
Peabody,  Mass. 
Peekskill,  N.  Y. 
Pembroke,  Canada. 
Peterboro,  Canada. 
Philadelphia,  Pa. 


Pittsburgh,  Pa. 
Portland,  Ore. 
Poughkeepsie,  N.  Y. 
Providence,  R.  I. 
Ravenna,  Ohio. 
Richmond,  Va. 
Rock  Hill,  S.  C. 
RusTON,  La. 
Sacramento,  Cal. 
St.  Hyacinthe,  Canada. 
St.  Louis,  Mo. 
St.  Paul,  Minn. 
Salem,  Mass. 
San  ANTONid,  Tex. 
Sandusky,  Ohio. 
Saskatoon,  Canada. 
Saugus,  Mass. 
South  Boston,  Va. 
Stratford,  Canada. 
Strathroy,  Canada. 
Sydney,  Canada. 
Timmins,  Canada. 
Toledo,  Ohio. 
Toronto,  Canada. 
Transcona,  Canada. 
Trenton,  Mo. 
Trenton,  N.  J. 
Tucson,  Ariz. 
Vicksburg,  Miss. 
Walkerville,  Canada. 
Washington,  D.  C. 
Welland,  Canada. 
Westerley,  R.  I. 
W.  Reading,  Pa. 
Wilmington,  Dela. 
Wilson,  N.  C. 
Winston-Salem,  N.  C. 
Woonsocket,  R.  I. 
Wrightstown,  N.  J. 
Xenia,  Ohio. 
Youngstown,  Ohio. 
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AKRON,  O. 

The  flexibility  of  the  steam-turbine-driven  centrif- 
ugal pump  is  well  illustrated  by  an  installation 
recently  made  in  connection  with  the  new  filtration 
plant  of  the  City  of  Akron.  The  water  supply  is 
taken  from  the  Cuyahoga 
River  above  a  dam  which 
ordinarily  supplies  suffi- 
cient head  for  the  water  to 
flow  by  gravity  to  the 
coagulating  basin.  How- 
ever, when  the  flow  of  the 
river  is  below  the  daily 
consumption  of  water  by 
the  city,  it  is  necessary  to 
take  water  from  the  raw 
water  well  to  the  head 
house  of  the  purification 
plant,  and  occasionally  it 
is  desirable  to  force  the 
water  through  an  aerator 
in  order  to  remove  gases 
and  odors.  During  eight 
months  of  the  year  excess 
water  from  the  dams  can 
be  used  in  a  hydro-electric 
plant  of  400  h.p.  to  supply 
current  to  light  the  station 
and  purification  plant,  to 
operate  four  motors,  to 
drive  the  low-lift  pump 
and  also  to  drive  a  high- 
lift  centrifugal  unit  of 
3,400,000  gals,  per  day  ca- 
pacity by  which  the  puri- 
fied water  is  forced  into 
distributing  reservoirs. 
The  main  high-lift  pump- 
ing equipment  consists  of 
vertical  triple-expansion 
engines. 

Having  a  surplus  of  elec- 
tric power  available  at 
some  times  and  none  or  little  at  other  times,  it  was 
decided  to  install  a  De  Laval  100  h.p.  velocity-stage 
turbine  driving,  through  double-helical  gears,  a  75 
k.v.a.  alternator  and  a  20-in.  single-stage  centrifugal 
pump.  Depending  on  variations  in  the  lighting  and 
small  motor  loads,  the  high-lift  pump  load  and  the 
water  available  at  the  hydro-electric  plant,  this  unit 


De  Laval  High-service  Pumping  Unit  at  Akron;  10,000,000 
gals,  per  day,  220  to  250-ft.  head 


will  run  at  times  as  a  motor-driven  pump,  a  steam- 
turbine-driven  pump,  a  steam-turbine-driven  gener- 
ator and  pump,  also  as  a  synchronous  condenser  for 
correcting  the  power  factor  of  the  electric  circuit. 

A  second  unit  identical 
with  the  first,  except  that 
a  pump  is  not  included,  has 
been  provided  for  the  pur- 
pose of  furnishing  power 
for  lighting  and  for  driving 
the  small  motors  in  the 
purification  plant  when  no 
hydro-electric  power  is 
available. 

Originally  it  was  planned 
to  add  a  pump  to  the 
turbo-generator  set  at  a 
later  date.  For  greater  con- 
venience in  station  opera- 
tion, this  plan  was  later 
changed,  and  in  1917  the 
city  installed  a  third  De 
Laval  unit,  consisting  of  a 
geared  turbine-driven 
pump  for  25,000,000  gals, 
per  day  against  12  ft.  total 
head  and  having  a  maxi- 
mum capacity  of  30,000,000 
gals,  per  day  against  26  ft. 
total  head,  so  that  there 
are  now  in  service  one  tur- 
bine-driven generator,  one 
turbine-driven  pump  and 
one  turbine-driven  com- 
bined generator  and  pump, 
making  an  extremely 
flexible  and  economical 
low-service  installation. 
When  the  last  low-service 
unit  was  installed,  the  city 
purchased  a  10,000,000- 
gals.  per  day  De  Laval 
high-service  turbine-driven  pumping  unit  to  operate 
against  220  to  250  ft.  head  in  parallel  with  the 
triple-expansion  high-service  units.  This  unit  con- 
sists of  an  850-h.p.,  4350-r.p.m.  turbine  geared 
to  two  18-in.  pumps  in  series,  the  turbine  exhaust- 
ing to  a  water-works  type  condenser  with  the  usual 
auxiliaries. 
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30,000,000  gals,  per  day  De  Laval  Turbine-driven  Centrifugal  Pump  installed  at  the  Chattahoochee  River  Pumping 

Station,  Atlanta,  Ga. 


ATLANTA,  GA. 

The  City  of  Atlanta  has  purchased  two  De  Laval 
geared  steam-turbine-driven  centrifugal  pumping 
units.  One  of  these,  installed  at  the  Chattahoochee 
River  Pumping  Station,  has  a  capacity  of  28,000,000 
gals,  per  day  against  125  lbs.  pressure.  The  turbine 
runs  at  3600  r.p.m.  and  the  two  24-in.  centrifugal 
pumps  connected  in  series  at  600  r.p.m.  Steam  is 
supplied  to  the  turbine  at  175  lbs.  gage  pressure  with 
100°  F.  of  superheat.  The  turbine  exhausts  into  a 
low-level  jet  condenser,  guaranteed  to  produce  a 
vacuum  of  28  in.,  referred  to  30-in.  barometer,  with 


water  at  75°  F.    The  jet  type   of  condenser  was 
chosen  because  of  the  character  of  the  water. 

The  second  unit  is  installed  at  the  Hemphill 
Avenue  Pumping  Station.  It  is  designed  to  deliver 
30,000,000  gals,  per  day  against  a  pressure  of  120  lbs. 
per  sq.  in.,  with  a  turbine  speed  of  3600  r.p.m.  and 
a  pump  speed  of  600  r.p.m.  Steam  is  received  at 
175  lbs.  gage  and  100°  F.  superheat,  and  is  exhausted 
into  a  water-works  type  surface  condenser,  served  by 
a  Pratt  Rotrex  vacuum  pump  and  designed  to  give 
a  vacuum  of  28jE^  in.  with  circulating  water  at  75°  F. 
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De  Laval  Centrifugal  Pump  driven  through  De  Laval  Speed-increasing  Gears  by  a  Gas  Engine;  2800  gals,  per  min.  against 

350-ft.  head.     Clarksburg,  W.  Va. 


CLARKSBURG,  W.  VA. 

By  taking  advantage  of  the  low  cost  of  natural  gas 
and  of  the  high  efficiency  of  gas  engines,  the  City  of 
Clarksburg,  W.  Va.,  has  been  able  to  reduce  the  fuel 
cost  of  pumping  to  less  than  25%  of  the  former  cost. 

Formerly  an  engine-driven  centrifugal  pump  and 
a  direct-acting  high-service  pump  receiving  steam 
from  gas-fired  boilers  were  used,  requiring  about 
350,000  cu.  ft,  per  day.  When  more  capacity  was 
required,  various  types  of  pumping  equipment, 
including  gas-engine-driven  reciprocating  pumps, 
were  considered,  but  when  all  factors  were  taken  into 
consideration,  high-efficiency  centrifugal  pumps 
driven  from  gas  engines  through  De  Laval  double- 
helical  speed-increasing  gears  were  found  to  be 
superior  because  of  the  high  over-all  economy,  the 
greater  simplicity  and  the  lower  expense  for  main- 
tenance of  the  centrifugal  type  of  pump. 

The  original  equipment,  consisting  of  a  55-h.p.  gas 
engine  driving  a  4,000,000-gal.-per-day  De  Laval 
geared  centrifugal  pump  delivering  against  35  ft. 
head  to  the  filter  bed  and  a  350-h.p.  gas  engine  run- 
ning at  200  r.p.m.  and  driving  a  De  Laval  geared 


two-stage  centrifugal  pump  delivering  the  same 
quantity  of  water  against  350  ft.  head  to  the  city 
reservoir,  consumed  only  about  80,000  cu.  ft.  of  gas 
per  day. 

These  two  units  have  been  in  continuous  service 
since  the  spring  of  1916,  during  which  time  no 
repairs  or  replacements  of  any  sort  have  been  neces- 
sary, except  the  occasional  repacking  of  the  glands. 
Owing  to  this  very  satisfactory  record,  a  complete 
duplicate  equipment  has  recently  been  installed. 
In  addition,  on  account  of  the  increasing  danger 
that  during  the  winter  months  the  natural  gas  sup- 
ply to  the  station  might  be  shut  off,  the  city  officials 
and  their  engineers  decided  to  put  in  a  6,000,000- 
gal.-per-day  De  Laval  turbine-driven  pumping  unit 
to  pump  against  350  ft.  head  to  the  high-service 
reservoir,  taking  steam  from  the  present  gas-fired 
boilers  (rearranged  for  coal  firing)  and  exhausting 
to  a  water-works  condenser  placed  in  the  suction 
line.  The  steam-driven  unit  will  be  operated  only 
when  there  is  insufficient  gas  for  the  gas-engine- 
driven  sets. 
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100,000,000  gals,  per  day  Pumping  Unit  for  the  City  of  Cleveland,  under  test  in  the  De  Laval  test  room. 


CLEVELAND,  O. 

Cleveland's  demand  for  water  in  1913  being  at 
times  in  excess  of  the  capacity  of  the  Kirtland 
Station  pumps,  it  was  decided  to  install  temporarily 
an  additional  25,000,000-gal.  pump.  It  was  expected 
that  the  unit  would  have  to  be  moved  after  about 
two  years'  operation,  and  the  size,  weight  and  cost 
of  dismantling  and  re-erecting  a  reciprocating  pump 
would  have  been  excessive.  Furthermore,  the  nature 
of  the  subsoil  was  such  as  to  require  very  costly 
foundations  for  a  reciprocating  unit.  Bids  were  ac- 
cordingly asked  for  on  a  25,000,000-gal.-per-day 
steam-turbine-driven  centrifugal  pump,  which  after 
the  contract  had  been  awarded  to  the  Dravo-Doyle 
Co.,  representing  the  De  Laval  Steam  Turbine  Co., 
it  was  decided  to  equip  with  30,000,000-gal.  impellers. 
The  unit  as  installed  consists  of  a  turbine  running 
at  3600  r.p.m.  and  driving,  through  a  double-helical 
speed-reducing  gear,  two  24-inch  centrifugal  pumps 
at  a  speed  of  600  r.p.m. 

The  contract  specified  a  total  head  of  206  ft.,  but 
the  pump  was  also  designed  to  operate  against  250 
ft.,  which  will  be  required  at  the  proposed  new 
location.  The  steam  pressure  specified  was  150-lb. 
gage  and  100°  F.  superheat.  The  vacuum  was  not 
specified,  as  the  contractor  was  required  to  supply 
the  condenser.  The  condenser  installed  is  of  the 
water-works  type,  containing  2120  sq.  ft.  of  cooling 
surface,  and  is  served  by  a  dry-air  pump  and  a  hori- 


zontal duplex  hot  well  and  condensate  pump,  both 
pumps  exhausting  into  an  open  feed-water  heater. 
The  turbine,  gear  and  two  pumps  comprising  the  unit 
occupy  a  space  approximately  10  ft.  wide  by  35  ft. 
long,  measured  over  the  foundation,  and  as  they 
weigh  approximately  57  tons,  the  pressure  per  sq.  ft. 
of  surface  is  only  about  326  lbs. 

A  guarantee  was  made  that  the  unit  would  develop 
a  duty  of  115,500,000  ft.  lbs.  per  million  B.t.u.  In 
tests  carried  out  December  22  and  30,  1914,  the 
following  results  were  obtained : 

Steam  pressure,  lb.  gage. 153.85 

Corrected  vacuum,  in 28.25 

Total  average  head,  ft. . . .' 236.3 

Superheat  in  steam,  deg.  F 102.6 

Equivalent  total  heat  supplied  above  temp,  of  conden- 
sate, B.t.u.  per  lb 1183.9 

Total  steam  consumption  per  hr.,  inc.  auxiliaries,  lb.  .  16,372 

Average  rate  of  pumping,  million  gals,  per  day 30.30 

Average  water  horse  power 1257 

Million  ft.  lbs.  per  million  B.t.u 128.4 

Million  ft.  lbs.  per  1000  lbs.  of  superheated  steam.  .  .  .  152.02 

Steam  per  water  horse-power  per  hr.,  lbs 13.02 

From  the  Fall  of  1914  to  February,  1917,  although 
the  Kirtland  pump  operated  16  hours  per  day  on  an 
average,  the  repair  and  maintenance  expenses 
were  reported  as  325.00,  which  is  less  than  .03  of 
1%  upon  the  original  investment. 
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The  City  of  Cleveland  has  since  installed  at  the 
Division  Street  Station  three  additional  De  Laval 
pumping  units,  which  are  shown  on  page  16. 

The  water  from  this  station  is  obtained  from  Crib 
5  through  a  newl}'  constructed  10-ft.  tunnel.  The 
crib  is  about  4  miles  from  shore,  and  the  water  is 
taken  from  the  lake  at  a  depth  of  about  51  ft.  The 
water  enters  a  screen  chamber  30  ft.  in  diameter  and 
from  this  passes  under  the  basement  floor  of  the 
pumping  station  to  the  pumps,  which  deliver  it  to 
the  mixing  chamber  through  a  72-inch  riveted  steel 
main.  From  the  mixing  chamber  the  water  flows  by 
gravity  to  the  coagulating  basin,  etc.  Two  of  the 
pumps  have  a  capacity  of  100,000,000  gals,  per  day 
each,  and  the  third  pump  has  a  capacity  of  60,000,000 
gals,  per  day.  The  casings  of  the  steam  turbine  and 
pump,  the  reduction  gears  and  other  parts  of  the 
third  unit  are  duplicates  of  the  100,000,000-gal.  units, 
so  that  the  60,000,000-gal.  pump  can  be  converted 


readily  into  a  100,000,000-gal.  unit  by  changing  the 
pump  impeller  and  by  making  some  slight  changes 
in  the  turbine. 

Each  unit  consists  of  a  3450-r.p.m.  turbine  driving 
through  double-helical  speed-reducing  gears  a  48-in. 
pump  operating  at  325  r.p.m.  The  total  head  in  each 
case  is  50  ft.  Standard  surface  condensers  having 
2250  sq.  ft.  of  cooling  surface  each  are  served  with 
circulating  water  by  independent  turbine-driven 
centrifugal  pumps.  This  equipment  has  been  in 
service  since  the  Fall  of  1917. 

A  fifth  pumping  unit  has  just  been  installed  in  the 
Division  Street  Pumping  Station  to  deliver  20,000,- 
000  gals,  per  day  against  the  first  high-service  reser- 
voir pressure  of  400  ft.  The  unit  consists  of  an  1800- 
h.p.  turbine,  running  at  3600  r.p.m.,  geared  to  two 
20-in.  pumps  in  series.  A  14-in.  low-service  pump 
directly  connected  to  the  shaft  of  the  main  unit  pro- 
vides water  for  the  surface  condenser. 


'EI:I4.5' 


Foundations  of  De  Laval  20,000,000-gal.  Pump  for  Division  Street  Station,  Cleveland;    400-ft.  head. 

Drawing  by  Dravo-Doyle  Co. 
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De  Laval  Centrifugal  Pumps  driven  by  Hydraulic  Turbines  through  De  Laval  speed- 
increasing  Gears;  each  3,500,000  gals.,  180-ft.  head.     Cornwall,  Ont. 


CORNWALL,  ONT. 

Cornwall,  Ont.,  was  formerly  supplied  by  a  triplex 
pump  and  two  duplex  pumps  driven  by  a  horizontal 
hydraulic  turbine  developing  170  h.p.  at  200  r.p.m. 
under  18  ft.  head.  There  were  also  three  duplex 
steam  pumps  for  emergency  service.  To  meet  the 
rapidly  increasing  water  consumption,  it  was  decided 
in  1916  to  purchase  additional  equipment  capable  of 
supplying  3,000,000  gals,  in  24  hours.  As  an  adequate 
supply  of  water  for  the  operation  of  a  turbine  was 
obtainable  from  the  canal  which  runs  alongside  the 
pumping  station,  specifications  were  prepared  for  a 
pump  to  be  driven  by  a  hydraulic  turbine.  The  bid 
of  the  Turbine  Equipment  Co.,  Ltd.,  of  Toronto, 
representing  the  De  Laval  Steam  Turbine  Co.,  was 
accepted  for  the  pumping  machinery  and  the  bid  of 
the  William  Kennedy  Co.  for  the  turbine.  Inasmuch 


as  the  turbine  runs  at  200  r.p.m.,  which  is  too  slow  for 
a  centrifugal  pump  delivering  against  180  ft.  head, 
De  Laval  double-helical  increasing  gears  are  used  for 
transmitting  the  power  from  the  turbine  to  the  pump, 
which  operates  at  a  speed  of  1670  r.p.m.  A  new 
extended  shaft  was  also  installed  in  the  old  turbine 
so  that  it  could  be  used  for  driving  either  the  old 
reciprocating  pumps  in  emergencies  or  a  De  Laval 
10-in.  single-stage,  double-suction  centrifugal  pump. 
Each  centrifugal  pump  has  a  capacity  of  3,500,000 
gals,  per  day  against  a  total  head  of  180  ft.  The  piping 
is  so  arranged  that  one  pump  can  be  connected  to 
discharge  into  the  suction  of  the  other  for  fire  serv- 
ice, which  is  found  to  give  a  delivery  of  4,500,000 
gals,  per  day  against  308  ft.  total  head. 
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De  Laval  Steam-turbine-driven  Centrifugal  Pumping  Unit 

capacity  5,000,000  gals,  per  day  against  40 

the  speed  at  which 


at  the  Reservoir  Pumping  Station,  City  of  Davenport,  Iowa; 
to  70  lbs.  per  sq.  in.  pressure,  depending  upon 
the  pump  is  operated. 


DAVENPORT,  lA. 

The  water  supplied  to  the  city  of  Davenport  is 
taken  from  the  Mississippi  River  and  flows  by 
gravity  to  a  screen  chamber  and  in-take  well.  From 
the  in-take  well  it  is  pumped  to  a  settling  basin  and 
thence  through  filters  to  the  low-service  mains  and 
to  an  elevated  storage  reservoir  150  ft.  above  the 
business  district.  From  the  storage  reservoir,  water 
is  again  pumped  to  supply  the  high-service  mains  at 
the  rate  of  about  1,500,000  gals,  per  day.  The 
reservoir  pumps  can  also  be  connected  to  take  water 
from  the  reservoir  and  force  it  into  the  low-service 
mains  in  the  business  section.  The  low-service  mains 
carry  a  normal  pressure  of  65  lbs.  and  the  high-service 


mains,  the  elevation  of  which  is  between  that  of  the 
business  district  and  that  of  the  reservoir,  receive 
water  under  a  pressure  of  40  to  100  lbs.  In  case  of 
fire  in  the  high-service  district,  the  speed  of  the 
reservoir  pump  can  be  increased  to  maintain  70 
lbs.  pressure  at  the  pump  or  70  to  130  lbs.  at 
the  hydrants,  according  to  the  location.  The  pump- 
ing unit  at  the  reservoir  pumping  station  is  a 
De  Laval  geared  steam-turbine-driven  centrifugal 
pump  delivering  5,000,000  gals,  per  day  against 
40-lb,  or  70-lb.  pressure,  according  to  require- 
ments. This  pump  is  shown  by  the  accompanying 
photograph. 


riiiiiiiiiiiiiiiiiiiiiHii Mil iiiiiiiii iiiiiiiiiiiiniMiimiiiiimiiiHiiiiiiiiiiiMiiiiiiiiiiiiiiiiiiiiiiMiiiiiiiiinMiiiiiiimiiniiMiiiiniiiiiiiiiiiiiiiMiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiim 


aiiiiiiiMtiinnitiiiniiiiiiniiiiiiiiMiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiniiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiMiiiiiiniiiiiiniMiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiriiiiniiiiiiiiiiiiiiiii 


22 


DE    LAVAL    STEAM    TURBINE     CO 


iiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiMiiiiiiiiiiiiiMiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniMiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiniiiiiiiiiitiiiinitiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiM 


De  Laval  Turbine-driven  Centrifugal  Pump  in  Bryant  St.  Station,  Washington,  D.  C;   15,000,000  gals,  per  day,  150-ft,  head. 


DISTRICT  OF  COLUMBIA 

The  first  De  Laval  pumping  unit  for  the  District 
of  Columbia  was  installed  in  1916  and  is  rated 
at  5,000,000  gals,  daily  against  450-ft.  head.  This 
unit  pumps  to  the  Reno  reservoir,  which  is  also 
served  by  a  2^-million-gal.  Holly  reciprocating 
pumping  engine.  A  second  De  Laval  unit  was  in- 
stalled in  1919  and  is  rated  at  15,000,000  gals,  against 


150-ft.  head.  It  supplies  water  to  the  second  high- 
service  system,  or  the  Brightwood  section.  A  12,000,- 
000-gal.  triple-expansion  Barr  pumping  engine  is 
part  of  the  same  system.  Water  flows  to  both  pump- 
ing units  from  the  filter  basin  under  a  pressure  of 
from  12  to  14  lbs.  Both  units  are  installed  in  the 
Bryant  Street  Pumping  Station,  Washington. 


liiiimiiiiiiitiiiiMiiiniiininiiiiiiiiiiiiiiiiiiitiimiinininiinMiiiiiiiHiiiiiiiiiniiiiiniiiMiuiiiiininiiiiiiiMiiiiiiiiniiMiiMiiiininMiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiHiiiiniiiiiiMiniiniiiiiniiiiii 


aiiiniiiiiiHiitiiiiMiiiiiiiiiiMiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiHiiiiiiiiiiiiiiiiiMiiiiiiiiiiiiiiuiiiiiiiiinitiiiiitiiiiiiiiiiiiiiiiniMiiHiiiiiiiiiiiiiiiHiiiiiiiiiiiiiiiiiiii^ 

I  WATERWORKSPUMPS  23      i 

=        iiiniiiiiiiitiiiriiiiiiii iitiiiiiiiiiiiiiiiiiiiiiiiiriiiiiriiiiiiitiiiiiiiiiiniiMiiiiiiiiiiii iiiiHiiiiiniiHniniiiiiiniMininiiiiiiiiiiiiiiiiiiiiiiiiiiiuiilllllllllllllllliiliilliliilliiiiiiiiiiMiiiiiiiiiiiiiiiiiinilliliiiiiiiiiiiiiiiiiiiiiiiNiiiiiiiiiiiiiHiiiiiiiiiiiiiiii^^  i 


Two  De  Laval  Centrifugal  Pumping  Units  installed  at  the  River  Pumping  Station,  Durham,  N.  C. 
capacity  each  4,000,000  gals,  per  day  against  26S-ft.  head. 


DURHAM,  N.  C. 

Two  De  Laval  geared  steam-turbine-driven  cen- 
trifugal pumping  units  have  been  installed  by  the 
City  of  Durham,  N.  C,  at  the  River  Pumping  Sta- 
tion. Each  unit  consists  of  a  multi-stage  turbine, 
running  at  6000  r.p.m.  geared  to  two  10-in.  single- 
stage  pumps  connected  in  series,  and  running  at  a 
speed  of  1440  r.p.m.  Steam  is  supplied  to  the  tur- 
bines at  180  lbs.  gage,  and  is  exhausted  to  surface 


condensers  of  the  water-works  type.  Each  con- 
denser contains  450  sq.  ft.  of  1  j^-in.  seamless  brass 
tubes,  approximately  7  ft.  in  length.  The  air  pumps 
are  of  the  Wheeler-Edwards  type,  having  4-in. 
steam  cylinders,  10-in.  stroke,  and  8-in.  air  cylin- 
ders. The  condenser  equipment  is  guaranteed  to 
maintain  a  vacuum  of  28  in.  with  75°  F.  circulating 
water. 
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De  Laval  Steam-turbine-driven  Centrifugal  Pump  installed  for  the  City  of  Erie;  20,000,000  gals,  per  day,  242-ft.  head. 


ERIE,  PA. 

In  1916  the  high-service  pumping  equipment  of  the 
City  of  Erie  consisted  of  a  modern  Bethlehem  triple- 
expansion  vertical  high-duty  pumping  engine  and 
three  smaller  horizontal  pumping  engines  of  much 
older  type.  An  additional  unit  was  required  as  a 
reserve  for  the  triple  pump.  No  space  was  available 
for  another  triple-expansion  engine  without  recon- 
structing the  old  building  or  erecting  a  new  one,  but 
there  was  available  a  space  in  one  of  the  pump  rooms 
of  the  present  building,  measuring  15  ft.  wide  by 
36  ft.  long.  Specifications  were  accordingly  prepared 
for  a  20,000,000-gal.-per-day  turbine-driven  cen- 
trifugal pump,  and  the  contract  was  awarded  to  the 
Dravo-Doyle  Co.,  representing  the  De  Laval  Steam 
Turbine  Co.,  for  a  specially  arranged  unit  using  one 
pinion  for  driving  two  gears,  each  connected  to  a 
20-in.  pump.    The  complete  unit,  with  its  surface 


condenser  and  with  the  necessary  clearances  for 
operation,  passageways,  etc.,  is  installed  within  the 
space  limitations  stated. 

The  pumps,  which  are  connected  in  series,  take 
water  from  the  clear  well  of  the  filtration  plant  and 
deliver  it  against  a  pressure  of  101  lbs.  to  an  inter- 
mediate reservoir,  or  against  a  pressure  of  156  lbs.  to 
a  high-service  reservoir.  The  turbine  is  of  1700 
shaft  h.p.  capacity,  and  receives  steam  at  190  lbs. 
per  sq.  in.  pressure  and  100°  F.  superheat,  exhausting 
to  a  surface  condenser  of  the  water-works  type 
installed  in  the  pump  suction  and  designed  to  main- 
tain a  vacuum  of  28  in.  The  condenser  is.  located 
directly  beneath  the  turbine,  and  includes  a  con- 
densate heater.  The  turbine  speed  is  3810  r.p.m., 
and  the  pump  speed  635  r.p.m.  This  unit  has  been 
in  service  since  early  in  1918. 
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De  Laval  Steam-turbine-driven  Centrifugal  Pump  installed  by  the  City  of  Evanston,  111.     Capacity  10,000,000  gals, 
per  day  against  a  total  head  of  120  ft.  normally,  or  8,000,000  gals,  per  day  against  165  ft.  for  fire  service. 


EVANSTON,  IND. 

The  De  Laval  geared  steam-turbine-driven  cen- 
trifugal pump  installed  by  the  City  of  Evanston  is 
rated  at  10,000,000  gals,  per  day  against  120-ft.  head, 
but  is  also  capable  of  delivering  8,000,000  gals,  per 
day  against  165-ft.  head  for  fire  service.  The  turbine 
is  of  the  multi-stage  type,  running  at  5800  r.p.m.,  and 
the  16-in.  pump  is  of  the  single-stage  type,  run- 
ning at  1045  r.p.m.    The  turbine  receives  steam  at 


90  lbs.  gage  pressure,  but  is  so  designed  that  at  a 
later  date  the  pressure  can  be  increased  to  165  lbs. 
The  surface  condenser  is  designed  to  give  a  vacuum 
of  28  ins.  with  70°  F.  circulating  water.  It  contains 
750  sq.  ft.  of  cooling  surface,  consisting  of  358  one- 
inch  tubes,  approximately  8  ft.  long.  The  air  pump 
is  of  the  Mullen  crank-and-fly-wheeltype,having4-in. 
steam  cylinder,  10-in.  stroke,  and  8-in.  air  cylinder. 
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De  Laval  Turbine-driven  Centrifugal  Pump  installed  in  the  North  Station  of  the  City  of  Evansville. 


EVANSVILLE,  IND. 

The  water-works  pumping  station  of  the  City  of 
Evansville  originally  contained  two  10,000,000-gal. 
vertical  triple-expansion  engines  which  were  installed 
in  1900,  and  on  official  tests  developed  duties  of  135 
and  137  million  ft.  lbs.  per  1,000  lbs.  of  steam. 
These  pumps  forced  raw  water  from  the  Ohio  River 
directly  into  the  city  mains.  In  1911  the  recipro- 
cating pumps  were  in  need  of  repairs,  and  the  city 
did  not  always  have  a  sufficient  supply  of  water  for 
domestic  service  even,  when  both  units  were  run. 
At  the  same  time  it  was  decided  to  install  a  filtra- 
tion plant. 

Low-Lift  Pumps — Two  De  Laval  steam-turbine- 
driven  centrifugal  pumps,  each  having  a  capacity  of 
15,000,000  gals,  per  24  hours  against  heads  varying 


from  13  ft.  to  62  ft.,  were  accordingly  installed  to 
lift  water  from  the  river  to  the  filtration  plant. 
Each  unit  consists  of  a  260  h.p.  single-stage  geared 
turbine  driving  two  16-in.  jingle  stage,  double-suc- 
tion, centrifugal  pumps  at  a  speed  of  about  900 
r.p.m.  Using  steam  at  143.16  gage  and  exhausting 
to  a  vacuum  of  27.6  in.,  with  30-in.  barometer,  these 
pumps  showed  upon  test  the  following  duties  at  the 
corresponding  heads  and  capacities: 


Total  Head  in  Ft. 

Gallons  per  Minute 

Ft.  Lb.  Duty 

59.3 
62.0 

47.7 
37.2 

10,997 
10,700 
11,020 
10,760 

87,400,000 
88,000,000 
82,000,000 
76,300,000 
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series,  giving  a  capacity  of  15,000,000  gals,  per  day  | 

against  a  total  head  of  324  ft.   Each  unit  is  equipped  I 

with   a  water-works  condenser  with   an   air  pump  | 

driven  by  a  vertical  engine,  each  air  pump  being  | 

large  enough  to  handle  the  condensate,  air  and  vapor  i 

from  both  condensers.    Centrifugal  pumps  belted  to  I 

the  air  pumps  discharge  the  condensate  to  open  feed  i 

water  heaters.    The  air-pump  engines  ordinarily  run  I 

non-condensing,    exhausting    into    the    heater,    but  I 

during  the  official  test,  of  which  results  are  quoted  | 

below,  the  engine  was  arranged  to  exhaust  into  the  | 

condenser,  since  the  contract  required  the  turbine  to  | 

be  charged  with  the  steam  used.    From  tests  made  | 

at  the  shops  and  after  installation  it  was  determined  | 

that,  the  delivery  being  kept  constant,  the  unit  could  | 

deliver  against  a  head  32%  less  than  the  designed  | 

head  with  a  loss  of  duty  of  only  9%,  and  against  a  | 

15%  lower  head  with  a  loss  of  duty  of  only  4%.  | 

When    delivering    variable    quantities    against    the  | 

designed  head,  the  following  results  were  obtained:  | 


One  of  the  two  De  Laval  Steam-turbine-driven  Centrifugal 
Pumping  Units  at  the  High-service  Station  of  the  City  of  Evans- 
ville.   Capacity  15,000,000  gals,  per  day  each  against  162-ft.  head. 

The  steam  consumption  of  auxiliaries,  including 
steam  used  by  the  engine  driving  the  vacuum  pump  of 
the  water-works  type  condenser,  was  charged  against 
the  main  unit.  It  will  be  seen  that  with  a  reduction 
in  head  of  40%  the  duty  is  decreased  by  only  10.2%. 

High-Lift  Pumps — For  domestic  and  fire  service 
two  more  units  were  installed,  each  consisting  of  a 
575  h.p.  De  Laval  geared  steam  turbine  driving  two 
20-in.  single-stage,  double-suction  centrifugal  pumps 
arranged  for  series  connection.  Each  unit  was  de- 
signed to  have  a  capacity  of  15,000,000  gals,  per  day 
against  a  total  head  of  162  ft.  for  domestic  service, 
giving  a  total  delivery  of  30,000,000  gals,  per  day. 
The  pumps  of  both  units  can  also  be  operated  in 


Daily  Capacity 

Duty 

%  of  Normal 

15,000,000 

10,000,000 

5,000,000 

110,000,000 

105,000,000 

78,000,000 

100 
95.5 
71.0 

It  has  been  found  that,  without  any  preparation 
on  the  part  of  the  operators,  fire  pressure  can  be 
obtained  in  a  little  more  than  one  minute  after  an 
alarm  is  received. 
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De  Laval  Steam-turbine-driven  Centrifugal  Pump  installed  for  the  City  of  Flint;  15,000,000  gals,  per  day,  ISO-ft.  head. 


FLINT,  MICH. 

The  equipment  now  installed  in  the  pumping 
station  of  the  City  of  Flint  includes  a  12,000,000-gal. 
Snow  crank-and-fly-wheel  high-head  pumping  engine, 
which  has  been  in  service  for  the  past  nine  years,  a 
7,000,000-gal.  Laidlaw-Dunn-Gordon  pumping  en- 
gine, a  15,000,000-gal.  De  Laval  high-head  turbine- 
driven  unit  recently  installed,  three  5,000,000-gal. 
high-speed  De  Laval  low-head  pumps,  a  12,000,000- 
gal.  De  Laval  low-head  pump  delivering  water  to 
the  filtration  plant,  and  also  a  De  Laval  steam  tur- 
bine driving  a  30-k.w.  generator. 

Two  of  the  small  size  low-head  pumps  are  to  be 
replaced  by  one  30,000,000-gal.  De  Laval  turbine- 
driven  centrifugal  pump.  The  Laidlaw-Dunn-Gordon 
unit  is   also   to   be    replaced    by    a   2 5,000,000-gal. 


De  Laval  geared  turbine-driven  centrifugal   pump, 
now  on  order,  to  deliver  against  160-ft.  head. 

The  15,000,000  high-head  De  Laval  unit  is  giving 
excellent  service  and  satisfaction,  and  in  the  accep- 
tance test  exceeded  the  duty  guarantee  by  approxi- 
mately 4,000,000  ft.  lbs.  Upon  the  completion  of  the 
installation  of  the  additional  units  now  on  order,  the 
City  of  Flint  Pumping  Station  will  be  turbine-driven 
throughout  with  the  exception  of  the  Snow  pump, 
which  will  operate  only  during  the  very  light  load 
periods  at  night.  All  of  the  pumps  deliver  directly 
into  the  mains,  as  there  is  no  reservoir  on  the  high- 
head  system.  The  lubricating  oil  is  purified  by  means 
of  a  De  Laval  centrifugal  purifier,  which  has  been  sub- 
stituted for  the  gravity  oil  filter  originally  installed. 


FrMininiiniiniiiiiiiiiiiiiniiniiiniiiiiiinniiiiiniiiiiininiiMiiiiinniiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiniiiiiniiiiiniiiiiniiiiiniiiiiiniiiiiiiiniininiiiiiiiiiiiiiniii^ 


jjiiiiiii I I II I iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiitiiiiiiiiiiiiiiiiiiiiiiiiiii iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii iiiiiiiiiiiiiii iiiiiiiiiiiiiii iiiiin Hill I iiiiiiiiiiiiiiiiiiiiiiii iiiiiii iiiiiiiiiiiiin^ 

I  WATERWORKSPUMPS  29      | 

i  llllllllllllltlllllllllllllllllllllllillllll lllllilllllllillilNIIIIIHIIUIIIIIIIillllllllllllltllllllllllllllll llllllllllllllllll Ill Illltllllllllllllllllll I mil IIIIIIIIIIIMIIIIIIIIIIIIIIIIIIIIIIIIIillllllllillllllllllllllllllllllllllllllllllllllllllNIIIINIIIIIIII  I 


De  Laval  Steam-turbine-driven  Centrifugal  Pump  installed  by  the  Indianapolis  Water  Co.;  capacity 
30,000,000  gals,  per  day  against  160-ft.  head. 


INDIANAPOLIS,  IND. 

The  water  supply  for  the  City  of  Indianapolis  is 
furnished  from  deep  rock  wells  and,  as  filtered  water, 
from  White  River.  The  deep-well  water  was  originally 
raised  to  the  storage  reservoirs  by  means  of  air  lifts, 
which  have  recently  been  displaced  by  De  Laval 
motor-driven  centrifugal  pumps,  designed  to  operate 
with  a  suction  lift  of  25  ft.  The  water  is  supplied  to 
the  city  and  the  pressure  maintained  by  three  main 
stations  and  two  auxiliary  stations,  one  of  the  main 
stations  being  operated  by  hydraulic  power  de- 
veloped from  a  supply  canal  which  conducts  the 
White  River  water  from  Broad  Ripple,  a  point  about 
eight  miles  above  the  city.  The  hydraulic  station, 
with  a  total  daily  capacity  of  15,000,000  gals.,  is 
fully  equipped  with  De  Laval  units. 

The  first  unit,  purchased  through  the  Dravo- 
Doyle  Co.  in  1908,  consists  of  a  four-stage  12-in. 
De  Laval  pump  driven  by  two  175  h.p.  water 
turbines  running  at  about  550  r.p.m.  The  pump 
is  rated  at  3150  gals,  per  minute  against  300  ft. 
total  head,  but  works  under  variable  conditions,  dis- 
charging as  much  as  6,000,000  gals,  per  day  against 
the  domestic  supply  pressure  of  160  ft.,  the  300-ft. 
head  being  for  fire  service.  Two  duplicate  units  were 
installed  about  a  year  later. 


In  February,  1910,  an  8,000,000-gal.  steam- 
turbine-driven  centrifugal  pump  to  operate  against 
a  total  head  of  160  ft.  was  purchased  for  the  River- 
side station.  The  pump  is  used  for  both  domestic 
and  fire  service,  fire  pressure  being  obtained  by 
increasing  the  speed  of  the  pump. 

In  July,  1912,  a  6,000,000-gal.  steam-turbine- 
driven  pump  was  installed  for  the  same  service.  The 
pump  was  designed  for  a  domestic  pressure  of  160  ft., 
fire  pressure  being  obtained  by  throwing  into  series 
with  a  motor-driven  pump. 

A  De  Laval  6,000,000-gal.  turbine-driven  pump  to 
operate  against  a  domestic  head  of  270  ft.  and  a  fire 
pressure  of  338  ft.  was  installed  at  the  Falls  Creek 
Station  in  1915.  The  turbine  receives  saturated 
steam  at  175  lbs.  per  sq.  in.  gage  and  exhausts  to  a 
vacuum  of  28^  inches. 

Still  more  recently  the  Indianapolis  Water  Com- 
pany has  installed  a  30,000,000-gal.  De  Laval  tur- 
bine-driven geared  unit,  pumping  against  160-ft.  head. 
This  unit  is  shown  above. 

The  Indianapolis  Water  Company  uses  a  large 
number  of  De  Laval  motor-driven  centrifugal  pumps 
to  lift  water  from  wells  to  a  low-service  reservoir, 
from  which  it  flows  to  the  filters. 
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De  Laval  Pumping  Unit  at  Turkey  Creek  Pumping  Station,  Kansas  City  Water  Works.     It  delivers  20,000,000  gals,  per 
day  against  370-ft.  head,  which  is  also  the  capacity  of  the  triple-expansion  unit  in  the  background. 


KANSAS  CITY,  MO. 

Kansas  City  obtains  its  water  supply  from  the 
Missouri  River  at  Quindaro  Bend,  4^  miles  north- 
west of  the  business  center  of  the  city.  At  the 
Quindaro  Pumping  Station  the  water  is  raised  from 
the  river  to  the  sedimentation  basins.  After  coagu- 
lation and  sedimentation  it  is  repumped  by  low-hft 
pumps  to  the  reservoir  at  Turkey  Creek  Pumping 
Station,  where  are  located  the  high-lift  pumps  which 
supply  the  entire  city  by  direct  pressure. 

The  pumping  units  in  the  Quindaro  Station  are 
vertical  compound  engines  directly  connected  to 
single-stage  centrifugal  pumps.  There  are  three 
river  pumps  of  a  total  capacity  of  85,000,000  gals, 
per  day  against  a  total  head  of  50  ft.,  and  three  city 
pumping  units,  consisting  of  vertical  compound 
engines  directly  connected  to  single-stage  centrifugal 
pumps,  of  a  total  capacity  of  80,000,000  gals,  per  day 
against  a  total  head  of  50  ft. 

All  of  the  river  pumps  at  this  station  are  set  in 
water-tight  concrete  pits  below  the  engine  room 
floor.  There  has  just  been  installed  at  this  station  a 
50,000,000-gal.  turbine-driven  centrifugal  pump  built 


by  the  De  Laval  Steam  Turbine  Co.,  which  will  be 
used  entirely  on  river  service  and  is  designed  for  a 
total  lift  of  50  ft. 

The  compound-engine-driven  pumps  now  in  the 
station  are  guaranteed  to  have  duties  of  70,000,000  to 
80,000,000  ft.  lbs.  per  1000  lbs.  of  steam,  but  the  new 
turbine  is  guaranteed  to  deliver  125,000,000  ft.  lbs.  per 
1000  lbs.  of  steam.  This  means  a  great  saving  in  coal. 

The  Turkey  Creek  Station  contains  three  20,000,- 
000-,  one  15,000,000-  and  one  10,000,000-gal.  vertical 
triple-expansion  pumping  engines  working  against  a 
total  of  370  ft.  The  De  Laval  Steam  Turbine 
Company  has  recently  completed  the  installation  of 
the  20,000,000-gal.  turbine-driven  centrifugal  pump- 
ing unit,  shown  on  page  29,  which  is  used  in  the  same 
service.  All  of  the  water  supplied  to  the  city  is 
pumped  directly  from  this  station. 

The  average  daily  pumpage  of  filtered  water  from 
the  Quindaro  Station  is  60,000,000  gals,  and  the 
maximum  pumpage  78,000,000  gals.  The  average 
daily  consumption  from  the  Turkey  Creek  Station  is 
52,000,000  gals,  and  the  maximum  68,000,000  gals. 
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De  Laval  Steam-turbine-driven  Centrifugal  Pumping  Unit  at  the  Walnut  Street  Pumping  Station,  Lynn,  Mass.  The 
Single-stage  Pump  is  capable  of  delivering  13,000,000  gals,  per  day  against  145-ft.  head,  and  the  two-stage  pump 
2,000,000  gals,  per  day  against  225-ft.  head.  The  combined  capacity  of  the  two  pumps  delivering  into  the  low-pressure 
distribution  system  is  15,500,000  gals,  per  day. 


LYNN,  MASS. 

The  problem  of  supplying  water  under  two 
different  pressures  arises  frequently  in  connection 
with  city  water-works  distribution  systems  and  with 
reciprocating  pumps  would  usually  lead  to  the  in- 
stallation of  two  main  units.  With  steam-turbine- 
driven  centrifugal  pumps,  however,  it  is  easy  to  con- 
nect two  pumps  designed  for  different  heads  to  one 
turbine  or  two  pumps,  each  generating  the  same  head, 
can  be  operated  either  in  series  or  in  parallel,  as  is 
often  done  to  meet  the  requirements  of  both  domestic 
service  and  fire  service. 

The  Walnut  Street  Pumping  Station  of  the  Lynn, 
Mass.,  water  works  was  equipped  in  1914  with 
a  De  Laval  geared  steam  turbine,  running  at  5000 
r.p.m.,  driving  two  centrifugal  pumps,  at  1200 
r.p.m.  An  18-in.,  single-stage,  double-suction  cen- 
trifugal pump,  capable  of  delivering  13,000,000  gals, 
per  day  against  a  head  of  145  ft.,  is  connected  to  the 
gear-shaft.  Water  flows  to  the  pump  by  gravity  and 
the  pressure  at  the  suction  is  about  atmospheric. 


The  pump  delivers  into  a  20,000,000-gal.  reservoir 
supplying  the  low-service  distribution  system. 
Coupled  to  this  pump  is  an  8-in.,  two-stage  centrif- 
ugal pump  having  a  capacity  of  2,000,000  gals,  per 
day  against  a  total  head  of  225  ft.  This  pump  de- 
livers into  a  500,000-gal.  standpipe  supplying 
water  to  the  high-service  distribution  system  of  the 
residential  district.  By  means  of  hydraulic  valves, 
the  multi-stage  pump  can  be  shut  off  from  the  stand 
pipe  and  made  to  deliver  into  the  reservoir,  under 
which  conditions  it  will  supply  at  the  rate  of  about 
2,500,000  gals,  per  day,  making  a  total  capacity  for 
the  unit  of  15,500,000  gals. 

The  turbine  receives  dry  saturated  steam  at  120- 
Ibs.  gage  pressure,  and  exhausts  into  a  surface  con- 
denser of  the  water-works  type  designed  to  main- 
tain a  vacuum  of  28^  ins.  and  to  withstand  a  water 
pressure  of  105  lbs.  per  sq.  in.  The  condenser  is 
equipped  with  a  6  x  14  x  10-in.  Edwards  vacuum 
pump. 


:niininitiitiiiiiiiiiininiiHinniiiiniiiiiiininMiiiiiiiHtiiiniiniiiiiiinininiiiiMiMiiitiiniiinjiiMiiiiiiiiniiiiiiinniiiniiiriitiiininiriiiiiiiiiiiiiiininniiiniiiiiniiirnMin 


iiiMiiiiiimiiniiiiimiiiiiiiiiiiiimiiiiMiiiiiiiiiiiiiiiMiiiiiniiniinitiiiiiiiiuHiinitiiiHimiiiiiiiiiMiiiiiiiiiniiiiiiirMiiiiMiniiiiiiniHiiiiiiiiimiiiiiiiiMiimiiiii^^ 

32  DELAVALSTEAMTURBINECO.  | 

iiiiniiiiiiiiiiiiiiiMiiiiiiiimiiiiiiiiiiiiiiiiiiiiiiiiiiiiiitiiiiiiiiiitiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiMiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiMiii^  i 


View  from  motor  end  of  30,000,000-gal.-per-day  De  Laval  Motor-driven  Centrifugal  Pumping  Unit  installed  by  the 

City  of  Minneapolis;  250-ft.  head. 


MINNEAPOLIS,  MINN. 

The  high  efficiencies  obtained  with  De  Laval 
centrifugal  pumps  encourage  the  use  of  electric 
power  for  water-works  pumping,  while,  on  the  other 
hand,  water-works  pumping  stations  offer  an  attrac- 
tive load  to  electric  central  stations,  due  to  their 
high  and  steady  load  factors,  together  with  the  fact 
that  such  pumps  can,  to  some  extent,  be  kept  off  the 
line  during  periods  of  central  station  peak  load.  In 
November,  1916,  the  City  of  Minneapolis  entered 
into  a  10-year  contract  with  the  Northern  States 
Power  Co.,  by  which  that  company  agreed  to  furnish 
current  at  2200  volts  to  operate  a  30,000,000-gal. 
pump  against  a  dynamic  head  of  240  ft.  for  34.00 
per  1,000,000  gals,  pumped,  based  upon  a  pumping 
set  of  72%  over-all  efficiency.  It  was  agreed  that  no 
current  was  to  be  used  between  4.15  p.  m.  and 
6.30  p.  M.  on  weekdays  during  the  months  of  Decem- 


ber, January  and  February.  It  was  also  provided 
that  at  a  different  dynamic  head  or  efficiency  the 
price  per  1,000,000  gals,  should  be  adjusted  accord- 
ingly, and  that  the  motor  used  by  the  city  should 
be  capable  of  starting  the  pump  when  primed  and 
with  a  check  or  gate  valve  in  the  discharge  closed, 
and  of  bringing  the  pump  to  full  speed  without 
drawing  more  than  150%  of  full  load  current. 

The  unit  installed  consists  of  a  General  Electric 
1800-h.p.,  three-stage,  slip-ring  induction  motor 
directly  connected  to  two  De  Laval,  24-in.  single- 
stage  pumps  mounted  upon  the  same  base  plate  and 
connected  in  series.  In  the  official  acceptance  test 
made  on  May  28  and  29,  1918,  and  lasting  28  hours, 
it  was  found  that  when  delivering  at  the  rate  of 
32,331,000  gals,  per  day  against  251.56  ft.  total 
dynamic  head,  the  combined  efficiency  of  motor  and 


5iiiiiiiiiiniiiniiiinNiiinHiiiiniinniiiiirMiniirMiiinMiiniinMnNnnniiiHiiiiiHniiiiniHiiMiiMiHiiiinMiiiniiniiiinMMniiHMiiiHiiiniiiMiiiiiiiiiiiiriiinnriMiiniiriiiiiiitiiiiiiMiinniiiriinini^ 


uiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiuiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiniiiiiiiiininiMiiiiiiiinininiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiHiiiiiiiiiiiuiHiiiiMiiitiiiiiiiiiiiiiiM 


WATER    WORKS    PUMPS 


33 


iiiiiiHiiiiiiiiiiiiiiiiiiiiiiiiiiininiiiiiiniiiiiiininiiiiiiiiiiiiiiiiiinitiiriiiiiiiiiiiniiiiiiiniiiiiiiiiiiiiiiMiiiiiiiiiMiiiiiiiiiiiiiiiiiiiiiiiiiiiiiMiiiiiitiiiiiiiiiiiiiiiiMiiiiiiiiiiiiiiiiiiiiiniiiii 


pump  was  82.1%,  which,  divided  by  the  motor 
efficiencyof  95.5%,gives  a  pump  efficiencyof  85.97%. 
The  power  factor  of  the  motor  was  90%.  The  start- 
ing current  was  found  to  be  113%  of  full-load 
current.  The  record  of  the  first  nine  months  of 
operation  showed  a  power  cost  per  1,000,000  gals, 
pumped  of  33.72,  and  for  labor  and  supplies  31-77, 
or  a  total  of  35.49,  with  an  average  over-all  effi- 
ciency of  the  unit  of  82.48%.  The  contract  of  the 
city  with  the  Minneapolis  Electric  Equipment  Co. 
provided  a  bonus  of  3500  for  each  1%  of  efficiency 
exceeding  76%  when  pumping  30,000.000  gals,  per 


day  against  a  total  dynamic  head  of  250  ft.  This 
bonus  was  limited  to  32400,  and  a  penalty  of  3500 
was  provided  for  each  1%  by  which  the  efficiency 
might  fall  below  76%,  with  a  provision  that  the 
pump  would  not  be  accepted  if  the  over-all  efficiency 
fell  below  72%.  Except  for  the  limitation,  a  bonus 
of  33050  would  have  been  earned.  A  duplicate  unit 
has  since  been  purchased  for  this  station. 

The  following  table,  showing  the  maintained  high 
over-all  efficiencies  of  the  original  unit,  month  by 
month  to  the  end  of  1920,  is  abstracted  from  the 
records  of  the  Minneapolis  Water  Works: 


Month 


Gallons  Pumped 


Hours 
Run 


Total  Head 


Efficiency 


1918 


June 

July 

August. .  .  . 
September 
October.  .  . 
November 
December. 

January. . 
February. 

March 

April 

May 

June 

July 

August. .  .  . 
September. 
October.  .  . 
November 
December. 

January. . . 
February.  . 

March 

April 

May 

June 

July 

August. .  .  . 
September. 
October.  .  . 
November. 
December. 


931,900,000 
926,850,000 
938,650,000 
842,150,000 
789,650,000 
579,350,000 
789,850,000 


689.5 
688.0 
696.0 
623.0 
584.5 
431.5 
603.5 


248.74 
250.49 
249.64 
249.91 
251.11 
253.46 
259.66 


80.9 


81 

81 
81 
81 
82 
83 


1919 


801,350,000 
763,700,000 
94,900,000 
934,000,000 
968,400,000 
942,950,000 
956,850,000 
985,600,000 
907,850,000 
975,200,000 
886,600,000 
906,550,000 


608.5 
592.5 
74.5 
679.0 
724.0 
700.0 


1920 


892,800,000 
858,950,000 
985,950,000 
954,400,000 
984,800,000 
962,000,000 
986,850,000 
957,800,000 
898,300,000 
977,100,000 
855,250,000 
821,650,000 


252.64 
252.32 
250.05 
248.83 
251.21 
249.91 
252.72 
259.59 
253.74 
252.83 
253.43 
253.74 


83.1 
83.0 
82.5 
82.5 
82.3 
82.2 
82.5 
82.9 
82.0 
82.2 
83.2 
83.2 
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De  I.aval  Steam-turbine-clnvL'n  Centntugal  I'umping  Unit  insralk-d  in  the  Lrnv-Lcvc-I  PLiinping  Station  of  the  City  of  Montreal. 

30,000,000  Imperial  gallons  per  day  against  210  ft.-head 


MONTREAL,  QUE. 

The  De  Laval  geared  steam-turbine-driven  cen- 
trifugal pump  installed  at  the  low  level  pumping 
station  of  the  City  of  Montreal  has  a  capacity  of 
30,000,000  Imperial  gals,  per  24  hours  against  210-ft. 
head.    The  main  dimensions  are  as  follows: 

Brake  h.p.  of  turbine 1600 

Speed  of  turbine,  r.p.m 3600 

Ratio  of  gear 6  to  1 

Diameter  of  suction  and  discharge  openings  of  pump         30  in. 

Speed  of  pump,  r.p.m 600 

Weight  of  complete  unit,  including  pump,  turbine 

and  gears 80,000  lbs. 

Floor  space  required,  approximately 247  sq.  ft. 

The  steam  pressure  specified  was  140  lbs.  per  sq.  in. 
with  100°  F.  superheat.  The  vacuum  was  not 
specified,  but  the  De  Laval  Company  supplied  a 
condenser  of  the  water-works  type  containing  3000 
sq.  ft.  of  surface  and  served  by  a  rotative  dry  vacuum 
pump. 

The  specifications  required  that  the  duty  guaran- 
teed should  include  all  losses,  including  pipe  friction, 
velocity  head  and  steam  used  by  auxiliaries,  the 
pump  to  be  credited,  however,  with  heat  returned  to 
the  boiler  by  feed-water  heaters.  The  condenser  is 
equipped  with  a  primary  heater  in  the  steam  space, 


through  which  feed  water  is  forced  by  the  condensate 
pump  into  an  open  feed-water  heater  receiving 
exhaust  from  the  condenser  dry  vacuum  pump  and 
from  the  condensate  pump.  Additional  steam  is  bled 
from  an  intermediate  stage  of  the  main  turbine  for 
heating  feed  water. 

In  the  final  acceptance  test,  which  was  made  on 
October  15,  1916,  the  delivery  of  the  pump  was 
measured  by  a  Venturi  meter  checked  by  a  mercury 
manometer,  and  the  water  delivered  from  the  open 
heater  to  the  boiler  feed  pump  was  measured  by 
a  V-notch  meter  and  by  platform  scales.  The  points 
of  attachment  of  the  suction  and  discharge  gages 
provided  for  by  the  specifications  were  such  as  to 
exclude  credit  for  overcoming  the  friction  through 
the  following  pipe  fittings:  on  the  suction  side  of  the 
pump,  one  42-in.  gate  valve,  one  42-in.  45°  bend,  one 
water-works  type  condenser,  one  42-  to  36-in.  reduc- 
ing nipple,  one  piece  of  36-in.  pipe  about  8  ft.  long 
and  one  36-  to  30-in.  reducing  long  radius  elbow,  and 
on  the  discharge  side  of  the  pump,  one  30-  to  36-in. 
increasing  long  radius  elbow,  one  piece  of  36-in.  pipe 
about  9  ft.  long,  one  36-in.  long  radius  elbow,  one 
36-in.  check  valve  and  one  36-in.  gate  valve.    During 
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I  the  test,  readings  of  suction  lift  and  discharge  head          The  duty  per  1,000,000  B.t.u.  based  upon  the  head        | 

I  were,  however,  also  taken  at  the  30-in.  suction  and  measured  according  to  the  specifications  was  126.2        i 

I  discharge  nozzles  of  the  pump.    The  results  of  the  million  ft.  lbs.    As  the  superheat,  however,  was  only        | 

I  test  were  as  follows:  63°  F.  whereas  100°  F.  was  specified,  this  figure  was        | 

I  ,               J  1  T        •  I     I          L                          1  ^r>o  ono  corrected  by  deducting  from  the  steam  consumption        I 

I  Av.  water  del.  Imperial  gals,  per  hr 1,308,808  .n-f    c             i    no  t-            A^m    •        n       •    •              i             r         ^ 

I  Total  average  corrected  head,  ft 205.874  1%  for  each  9     t .,  or  4.1%  m  all,  givmg  a  duty  of         | 

I  Av.  water  h.p 1,360.85  129.6  million  ft.  lbs.   per  million   B.t.u.     The  duty        | 

I  Steam   consumption   corrected   for   credits,   lbs.  calculated  on  the  basis  of  the  work  delivered  by  the        I 

I  per  hr 17,344  pump  to  the  water  between  the  suction  and  discharge        i 

i  Av.  abs.  steam  pres.,  lbs.  per  sq.  in 159.7                    ,               ;  •        w                    ;;                 r       t      i      r        .               = 

=  ,             1                L-       J      T-                                       ^7  nozzles,  making  the  same  allowance  for  lack  of  super-        = 

=  Av.  superheat  at  turbme,  deg.  r 63                                              °                                              ■'                    •'^                i 

I  Steam  consumption  corrected  to  contract  condi-  ^^«^>  ^^  ^^^-^  million  ft.  lbs.  per  million  B.t.u.                         | 

I  tions  (140-lb.  gage  and  100"  F.)  lbs.  per  hr 16,638                A  De  Laval  motor-driven  pump  to  handle  30,000,-        | 

I  Av.  feed  water,  lbs.  per  hr 20,280  000  Imperial  gals,  per  day  against  220-ft.  head  has        | 

I  Av.  nozzle  pressure,  gage,  lb.  per  sq.  in 138  recently  been  ordered  for  the  Montreal  system.                 | 

=  Av.  vacuum  corrected  to  30-in.  barometer 28.98                                                                                                                                 | 

I  Av.  actual  steam  temp,  at  engine  throttle,  deg.  F.              426                                                                                                                                      | 

I  Steam  per  pump  h.p.  hr.,  lbs 12.74                                                                                                                                 1 

I  Temp,  of  feed  water  leaving  heater,  deg.  F 210                                                                                                                                      | 

I  Total  head  generated,  as  measured  by  gages  at                                                                                                                                                         | 

I  suction  and  discharge  nozzles,  ft 213.86                                                                                                                                 I 


De  Laval  Steam-turbine-driven  Centrifugal  Pump  for  the  Montreal  City  Water  Works;  turbine  speed  3600  r.p.m.; 
pump  speed  600  r.p.m.;  capacity  30,000,000  Imperial  gals,  per  day  against  210  ft. 
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OMAHA,  NEB. 

In  1914  the  City  of  Omaha  installed  a  De  Laval 
steam-turbine-driven  centrifugal  pump  to  deliver 
21,000  gals,  per  min.  against  a  head  of  90  ft., 
receiving  steam  at  125  lbs.  gage  and  exhausting  to  a 
condenser  with  Edwards  wet  and  dry  pump.  In  a 
test  on  this  unit  made  September  4,  1914,  for  the 
City  of  Omaha  by  Fred  J.  Postel,  the  following 
results  were  secured: 

Average  net  delivery,  as  measured  by  a 

Simplex  Venturi  meter,  gals,  per  day 30,819,000 

Total  net  head,  ft 90.6 

Steam  pressure,  gage,  lbs 125 

Moisture  in  steam  at  nozzles,  % 1.4 

Vacuum   mercury   column   as  compared   with 

30-in.   barometer,  ins 27.07 

Duty,  ft.  lbs.  per  1000  lbs.  of  steam,  after  mak- 
ing allowance  for  lifting  the  condensate  27  ft.l  12,620,000 

Duty,  without  making  allowance  for  lifting  con- 
densate, ft.  lbs.  per  1000  lbs.  steam 112,750,000 

In  1919  the  City  of  Omaha  installed  a  second  De 
Laval  unit  at  the  Florence  Pumping  Station,  which 
also  contains  the  low-head  unit  installed  in  1914. 
This  station  is  on  the  west  bank  of  the  Missouri 
River,  about  seven  miles  north  of  Omaha.  The  second 
unit  consists  of  an  1800-h.p.,  3600-r.p.m.  turbine 
driving  two  24-in.  centrifugal  pumps  through  a 
double-helical  reducing  gear.  The  condensing  equip- 
ment consists  of  a  standard  water-tube  condenser 
containing  3240  sq.  ft.  of  surface.  The  separate 
circulating,  dry  vacuum  and  condensate  pumps  all 
exhaust  to  an  intermediate  stage  of  the  main  tur- 
bine. The  circulating  pump  is  driven  by  a  De  Laval 
geared  turbine  and  has  a  capacity  of  approximately 
3000  gals,  per  min.  The  circulating  water  is  taken 
from  the  suction  line  at  a  point  immediately  inside 


of  the  building  wall  and  is  discharged  through  the 
surface  condenser  to  the  same  suction  line  at  a  point 
near  the  main  pump,  the  circulating  pump  being 
required  to  develop  a  head  just  sufficient  to  overcome 
the  friction  through  the  surface  condenser  and  its 
connecting  piping. 

The  guarantees  on  this  unit  were  made  for  a  con- 
stant speed  of  600  r.p.m.  and  for  various  conditions 
of  head  and  discharge.  The  normal  rating  of  the  unit 
was  to  be  30,000,000  gals,  per  day  against  267  ft.  and 
it  was  to  be  capable  of  delivering  22,000  gals,  per 
min.  against  260  ft.  total  head  at  a  speed  of  600 
r.p.m.  The  official  duty  tests  were  made  under  the 
direct  supervision  of  Mr,  J.  O.  Taylor,  of  Fred  J. 
Postel  &  Company,  and  Mr.  F.  P.  Larmon,  repre- 
senting the  Metropolitan  Water  District. 

Steam  pressure,  lbs.  gage 126.5 

Vacuum,  ins.,  as  compared  with  30-in.  barometer 28.79 

Revolutions  per  minute 605.3 

Gallons  per  minute 20,890 

Head  in  ft 268.8 

Duty,  million  ft.  lbs.  per  1000  lbs.  of  dry  steam 128.8 

Steam  pressure,  lbs.  gage .        129.7 

Vacuum,  as  compared  with  30-in.  barometer 28.66 

Revolutions  per  minute 625 

Gallons  per  minute 22,470 

Head  in  ft 290.2 

Duty,  million  ft.  lbs.  per  1000  lbs.  of  steam 130.5 

The  Venturi  meter  indications  were  checked  by 
pumping  from  a  settling  basin,  and  were  found  to 
agree  with  the  coefficient  given  by  the  manufacturer 
of  the  Venturi  meter  within  0.6%.  The  De  Laval 
unit  is  kept  in  constant  operation,  since  it  is  more 
economical  to  operate  the  30,000,000  gal.  De  Laval 
centrifugal  pump  than  to  operate  the  two  20,000,000 
gal.  triple-expansion  engines  in  the  same  plant. 
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Interior  of  main  floor  of  Peterborough  Pump  House,  showing  De  Laval  steam-turbine-driven  centrifugal  pump  in  foreground. 


PETERBOROUGH,  ONT. 

The  water  works  system  of  the  City  of  Peter- 
borough, Ontario,  is  located  on  the  Otonabee  River, 
about  lyi  miles  from  the  city,  and  the  pumps  deliver 
directly  into  the  city  distribution  system  without 
reservoir  or  standpipe.  The  pumping  station  con- 
tains five  pumps,  of  which  two  are  of  the  triplex, 
horizontal,  single-acting,  plunger  type,  rated  at 
2,225,000  gals,  per  day  capacity,  one  of  the  same 
type  of  3,000,000  gals,  per  day  capacity,  and  one  a 
three-stage  centrifugal  pump  of  3,000,000  gals,  per 
day  capacity,  all  driven  by  hydraulic  turbines.  The 
fifth  unit  is  a  De  Laval  geared,  steam-turbine-driven 
centrifugal  pump  having  a  capacity  of  6,000,000 
gals,  per  day  against  228  ft.  for  domestic  and  274  ft. 
for  fire  service.    This  is  used  as  an  emergency  pump 


when  the  water-wheel-driven  pumps  cannot  be 
operated  because  of  anchor  and  frazil  ice.  During 
the  winter  of  1915  the  water  wheels  were  fouled  with 
ice  on  no  less  than  five  different  occasions,  during 
which  time  the  steam-turbine-driven  pump  main- 
tained an  uninterrupted  supply  of  water  to  the  city. 
The  turbine  exhausts  into  a  Schutte-Koerting  jet 
condenser,  which  is  supplied  with  water  at  10  lbs. 
pressure  by  a  De  Laval  5-in.  single-stage  pump  driven 
by  a  5  h.p.  De  Laval  geared  steam  turbine.  This 
type  of  condenser  requires  no  air  pump.  The  200  h.p. 
horizontal  return  tubular  boilers  supplying  steam  are 
fitted  with  mechanical  draft,  so  that  steam  can  be 
raised  quickly,  a  gasoline  engine  being  provided  to 
drive  the  fan  while  steam  is  being  raised. 
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Two  De  Laval  Steam-turbine-driven  Centrifugal  Pumps  installed  at  the  Belmont  Pumping  Station  of  the  City  of  Philadelphia.  Capacity 

20,000,000  gals,  per  day  each  against  335-ft.  head.   The  capacity  of  the  Duplex  Pump  in  the 

background  is  10,000,000  gals,  per  day. 


PHILADELPHIA,  PA. 

In  1909  the  City  of  Philadelphia  placed  a  contract 
with  the  Dravo-Doyle  Company,  representing  the 
De  Laval  Steam  Turbine  Co.,  for  a  steam-turbine- 
driven  centrifugal  pump  to  deliver  50,000,000  gals, 
per  day  against  a  total  head  of  50  ft.,  and  to  be  in- 
stalled at  the  Torresdale  Pumping  Station,  which 
forces  water  from  the  Delaware  River  to  the  Torres- 
dale  Filtration  Plant.  Subsequently  two  De  Laval 
steam-turbine-driven  units,  each  of  20,000,000  gals, 
per  day  capacity  and  delivering  against  335-ft.  head, 
were  placed  in  the  Belmont  Pumping  Station,  which 
is  located  on  the  west  side  of  the  Schuylkill  River  in 
Fairmount  Park,  just  below  the  Columbia  Avenue 
bridge,  and  which  formerly  contained  two  Bethlehem 
horizontal  compound  pumps  of  a  capacity  of 
10,000,000  gals,  per  day  each,  one  Worthington 
duplex  pump  of  a  capacity  of  12,000,000  gals,  per 
day,  and  three  Holly  superposed  compound  engines 
each  of  a  capacity  of  10,000,000  gals,  per  day.  The 
De  Laval  units  replaced  two  of  the  Holly  units.   This 


station  takes  water  from  the  Schuylkill  River  and 
forces  it  to  the  Belmont  filter,  about  two  miles 
distant,  from  which  all  of  West  Philadelphia  is 
supplied. 

At  the  Queen  Lane  Station,  located  on  the  Schuyl- 
kill River  about  one  mile  beyond  the  Belmont 
Pumping  Station,  a  unit  consisting  of  a  De  Laval 
turbine  running  at  3600  r.p.m.  geared  to  two  24-in. 
centrifugal  pumps  in  series  running  at  600  r.p.m.  has 
been  installed.  This  unit  has  a  capacity  of  25,000,000 
gals,  per  day  against  279  ft.  head  and  pumps  raw 
water  from  the  Schuylkill  River  to  the  Queen  Lane 
filter,  which  furnishes  water  to  the  central  and  busi- 
ness section  of  the  city.  Recently  orders  have  been 
placed  for  four  De  Laval  geared  turbine-driven 
centrifugal  pumps  of  a  normal  capacity  of  40,000,000 
gals,  per  day  each  against  a  total  head  of  275  ft., 
probably  the  largest  water-works  pumping  units  ever 
constructed.  These  units  will  replace  four  triple-expan- 
sion reciprocating  pumping  engines  and  will  have  a 
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Fnd  View 
Foundations  of  one  of  De  Laval  40,000,000-gal.  Pumps  at  Queen  Lane  Station,  Philadelphia. 

{Drawing  by  Dravo-Doyle  Co.) 
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De  Laval  Compound  Geared-turbine-driven  Centrifugal  Pumping  Unit  for  Queen  Lane  Station,  Philadelphia,  erected  in 
De  Laval  Test  Room;  40,000,000  gals,  per  day  against  275-ft.  head. 
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maximum    capacity    of  48,000,000    gals,    per    day 
each. 

At  the  Lardner's  Point  Station,  located  on  the 
Delaware  River  about  three  miles  below  the  Torres- 
dale  Station,  a  De  Laval  geared  steam-turbine-driven 
unit  of  35,000,000  gals,  per  day  capacity  against  201 


ft.  head  has  been  installed.  This  is  similar  to  the 
Montreal  unit,  consisting  of  a  De  Laval  turbine  run- 
ning at  3600  r.p.m.  and  driving  a  30-in.  centrifugal 
pump  at  600  r.p.m.  through  speed-reducing  gears. 
This  pump  supplies  filtered  water  from  the  Torres- 
dale  filters  to  the  southern  part  of  the  city. 
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Arrangement  of  four  De  Laval  40,0(X),000-gal.  Pumps  at  Queen  Lane  Station,  Philadelphia. 

(Drawing  by  Dravo-Doyle  Co.) 
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De  Laval  Pumping  Unit,  installed  at  the  Ross  Pumping  Station,  Pittsburgh;  100,000,000  gals,  per  day,  56-ft.  head. 


PITTSBURGH,  PA. 

When  in  1912  increased  capacity  was  required  in 
the  Ross  Pumping  Station  of  the  City  of  Pittsburgh, 
the  then  recent  introduction  of  speed-reducing  gears 
of  large  capacity  suggested  to  the  city  engineers  the 
possibihty  of  using  turbine-driven  centrifugal  pumps. 
Specifications  were  accordingly  issued  for  a  pumping 
unit  to  have  a  capacity  of  100,000,000  gals,  per  day 
against  a  total  head  of  56  ft.,  including  18-ft.  suction 
lift,  from  the  Allegheny  River  to  the  Aspinwall  Fil- 
tration Plant.  The  contract  was  awarded  to  the 
Dravo-Doyle  Co.,  representing  the  De  Laval  Steam 
Turbine  Co.,  for  a  single-stage  centrifugal  pump 
driven  through  speed-reducing  gears  by  a  pressure- 
stage  turbine.  This  unit,  which  was  guaranteed  to 
give  a  duty,  including  all  steam  and  power  used  by 
auxiliaries,  of  115,000,000  ft.  lbs.  per  1000  lbs.  of  dry 
steam  of  150  lbs.  pressure  gage,  developed  the  fol- 
lowing results  in  the  official  acceptance  test: 

Steam  pressure  at  throttle,  lbs 151.07 

Nozzle  pressure,  lbs 145.3 

Vacuum  referred  to  30-in.  baromettr,  in. 28.38 

Speed,  r.p.m 344.7 

Capacity,  gals,  per  day. 101,935,416. 

Total  head,  ft 58.765 

Water  h.p 1050.76 


Steam  per  water  h.p.hr.,  lbs 16.66 

Duty  (dry  steam,  including  air  pump),  ft.  lbs.  .  .  121,390,000. 
Duty,  including  all  auxiliaries,  per  1000  lbs.  of 

steam,  ft.  lbs 119,540,590. 

The  pump  is  of  the  double  suction  type  with 
48-in.  inlet  and  outlet  openings,  both  openings  being 
in  the  bottom  part  of  the  casing  so  that  the  casing 
cover  can  be  removed  for  access  to  the  internal  parts 
without  disturbing  piping  connections.  The  ratio 
between  turbine  speed  and  pump  speed  is  3600  to 
350.  The  condenser  is  of  the  standard  type,  that  is, 
with  the  steam  outside  the  tubes,  and  is  served  by  an 
independent  circulating  pump.  It  contains  2360  sq. 
ft.  of  tube  surface.  The  circulating  pump  is  a  De 
Laval  horizontal  single-stage  centrifugal  pump, 
driven  by  a  variable  speed  motor  and  designed  to 
deliver  3000  gals,  per  minute  against  12-ft.  head.  The 
hot-well  pump  is  a  De  Laval  single-stage  centrifugal 
pump  with  vertical  shaft  motor,  and  the  air  pump  of 
the  rotative  dry  vacuum  type  with  a  5-in.  steam 
cylinder,  12-in.  air  cylinder  and  12-in.  stroke. 

A  number  of  years  ago  the  City  of  Pittsburgh  in- 
stalled at  the  Ross  Pumping  Station  four  centrifugal 
pumps,  each  driven  by  a  vertical,  compound,  recipro- 
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in  six  years,  finally  led  the  City  Water  De- 
partment to  replace  the  pump  on  one  unit 
by  De  Laval  centrifugal  pumps  driven  at  600 
r.p.m.  through  De  Laval  double-helical  speed- 
increasing  gears.  Two  De  Laval  24-in.  pumps 
of  a  combined  capacity  of  50,000,000  gals, 
per  24  hours  against  a  total  head  of  50  to  55 
ft.  were  coupled  to  the  engine  instead  of  the 
original,  slow-speed  pump.  In  a  test  run  upon 
the  rebuilt  unit,  measuring  the  condensate 
from  the  surface  condenser  and  measuring  the 
discharge  of  the  pumps  by  a  Venturi  meter,  a 
duty  of  99,700,000  ft.  lbs.  per  1000  lbs.  of  dry 
steam  at  161  lbs.  gage  pressure,  with  a  vacuum 
eating  engine  running  at  100  r.p.m.,  each  unit  being  of  23  in.,  was  obtained  when  pumping  at  the  rate 
designed  to  deliver  35,000,000  gals,  per  24  hours  of  46,500,000  gals,  per  24  hours  against  51.5  ft. 
against  a  head  of  50  to  55  ft.  When  tested  at  the  The  installation  of  the  gears  and  high-speed  pumps 
time  of  installation,  the  combined  engine  and  pump  has  therefore  resulted  in  an  increase  of  28%  in 
showed  a  duty  of  78,000,000  ft.  lbs.  per  1000  lbs.  of  duty  and  the  ability  to  deliver  nearly  50%  more 
dry  steam.  The  low  duty,  together  with  considerable  water,  while  troubles  due  to  breaking  of  shafts  have 
trouble  from  breaking  of  shafts,  twelve  having  broken      been  eliminated  entirely. 


De  Laval  50,000,000-gal.-per-day  Centrifugal  Pump,  driven  by  recip- 
rocating engine  through  De  Laval  double-helical  speeding-up  gears. 


l(X),000,(XX)-gal.-per-day  Pittsburgh  Pump  under  test  at  the  De  Laval  shops. 
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De  Laval  Geared  Steam-turbine-driven  Centrifugal  Pumps  supplying  the  City  of  Salem,  Mass.; 
each  10,000,000  gals,  per  day  against  210-ft.  head. 


SALEM,  MASS. 

The  City  of  Salem,  Mass.,  has  recently  installed 
two  De  Laval  geared  steam-turbine-driven  cen- 
trifugal pumping  units,  each  having  a  capacity  of 
10,000,000  gals,  per  day  against  a  total  head  of  210 
ft.,  of  which  25  ft.  is  suction  lift.  The  water  end  of 
each  unit  consists  of  two  16-in.  single-stage  double- 
suction  pumps,  operated  in  series.  The  water  is  re- 
ceived from  Wenham  Lake  through  a  36-in.  suction 
main,  which  divides  into  two  30-in.  branches.  The 
steam  end  of  each  unit  consists  of  a  460-h.p.  multi- 
stage turbine,  receiving  steam  at  120  lbs.  gage  and 
100°  F.  superheat  from  boilers  with  supherheaters  in 
the  rear  combustion  chambers.  The  turbine  exhausts 
in  each  case  to  a  water-works  type  condenser  con- 
taining 1250  sq.  ft.  of  surface  and  served  by  a  rotary 
displacement  air  pump  operated  by  belt  from  the 
extended  shaft  of  the  main  centrifugal  pumps.  The 
speed  of  the  turbine  is  5000  r.p.m.,  of  the  main 
pumps  900  r.p.m.,  and  of  the  air  pump  350  r.p.m. 
The  discharge  from  the  air  pump  is  delivered  to  an 


open  feed-water  heater,  wherein  it  is  heated  to  205° 
F.  by  steam  from  an  intermediate  stage  of  the  main 
turbine.  It  is  then  pumped  to  the  boilers  by  a 
single-acting  triplex  pump,  also  driven  by  silent  chain 
from  the  main  pump  shaft.  The  condenser  is  de- 
signed to  maintain  a  vacuum  equivalent  to  29  ins. 
with  30-in.  barometer. 

The  oiling  system  for  the  turbines  and  gears  con- 
sists of  a  100-gal.  storage  tank  located  20  ft.  above 
the  oil  inlet  on  the  gears  and  containing  30  sq.  ft.  of 
cooling  surface.  The  oil  flows  to  the  high-speed  bear- 
ings and  to  the  gears  by  gravity  and  is  returned  to 
the  tank  by  means  of  a  gear  pump  driven  from  the 
governor  spindle.  The  oil  is  purified  by  a  De  Laval 
centrifugal  oil  purifier,  to  be  seen  in  the  corner  of  the 
room  in  the  photograph. 

Both  the  Salem  installation  and  the  Lynn  installa- 
tion described  on  page  31  were  made  by  the  Power 
Equipment  Co.,  representing  the  De  Laval  Steam 
Turbine  Co. 
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Filtration  Pumping  Station  of  the  City  of  St.  Louis,  containing  two  40,000,000-gal.-per-day  De  Laval  Centrifugal  Pumps  driven 

by  Single-stage  Geared  Turbines  and  one  110,000,000-gal.-per-day  De  Laval  geared-turbine-driven  Centrifugal  Pump, 

all  delivering  against  60-ft.  head;   also  Circulating  Pump  coupled  directly  to  the  110,000,000-gal.  Pump. 


ST.  LOUIS,  MO. 

The  City  of  St.  Louis  has  recently  installed  a 
110,000,000-gal.-per-day  De  Laval  steam-turbine- 
driven  centrifugal  pump  in  its  low-service  pumping 
station,  the  capacity  of  which  previously  was 
180,000,000  gals,  per  day.  In  1912,  two  20,000,000- 
gal.-per-day  direct-acting  pumps  were  replaced  by 
two  De  Laval  40,000,000-gal.-per-day  centrifugal 
pumps  driven  by  De  Laval  single-stage  turbines. 
There  are  three  pumping  pits,  each  50  ft.  square  at 
the  bottom  and  57  ft.  below  the  ground  floor,  and  all 
three  centrifugal  units  were  located  in  what  is  known 
as  the  middle  pit.  The  specifications  require  the  new 
pump  to  be  capable  of  delivering  from  80,000,000  to 


110,000,000  gals,  per  day  against  any  net  head  be- 
tween 45  and  65  ft.,  the  speed  adjustment  to  secure 
this  variation  to  be  obtained  by  hand-controlled 
nozzles  on  the  turbine  in  connection  with  an  auto- 
matic speed-changing  governor. 

This  governor  is  designed  to  give  a  100%  speed 
change  in  the  unit  without  any  change  in  the  hand 
valves  if  desired.  In  principle  it  consists  of  a  standard 
speed-regulating  governor,  of  the  Jahns  type,  pro- 
vided with  an  auxiliary  spring  located  inside  the 
regulator  stand.  The  speed  change  is  brought  about 
by  proper  adjustment  of  this  auxiliary  spring,  which 
can   be   made  while  the   machine   is   in   operation. 
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Elevation  of  De  Laval  110,000,000-gal.-per-day  Pumping  Unit  at 

the  Chain  of  Rocks  Pumping  Station,  St.  Louis. 

(Dratcing  by  Dravo-DoyU  Co.) 

Through  this  speed  change  the  unit  can  be  suited  to 
any  combination  of  head  and  capacity  conditions 
within  the  Hmits  of  the  unit,  the  governor  maintain- 
ing the  speed  practically  constant  regardless  of  any 
variation  of  load  that  may  come  on  the  turbine. 


Diagram  showing  method  of  bleeding  steam  from  turbine  to 
heat  feed  water. 

The  steam  turbine,  which  is  of  the  horizontal, 
multi-stage  impulse  type,  has  a  normal  rating  of 
1300  brake  h.p.  at  3510  revolutions  when  supplied 
with  steam  at  125  lbs.  gage  and  75°  F.  superheat. 
As  shown  by  the  accompanying  diagram,  provision 
is  made  for  bleeding  steam  from  an  intermediate 
stage  to  supplement  the  exhaust  from  auxiliaries  for 
heating  the  feed  water,  the  total  amount  of  auxiliary 
steam  so  bled  not  to  exceed  2200  lbs.  per  hour.  The 
surface  condenser  has  a  single  pass  for  the  steam  and 


two  passes  for  the  water.  The  12-in.  circulating 
pump  is  mounted  directly  on  the  main  pump  shaft, 
as  shown  in  the  drawing.  The  condenser  contains 
2825  sq.  ft.  of  surface,  plus  125  sq.  ft.  of  primary 
heater  surface  through  which  the  condensate  is 
passed  on  the  way  to  the  feed-water  heater  which 
receives  auxiliary  exhaust.  The  temperature  of  the 
circulating  water  varies  from  35  to  80°  F.  The  chart 
below,  reproduced  from  the  Annual  Report  of 
the  Water  Commissioner  of  the  City  of  St.  Louis, 
shows  the  duties  obtained  in  the  acceptance  test  of 
this  pumping  unit. 

The  delivery  is  metered  by  a  cast-iron  Venturi 
tube  having  an  over-all  length  of  48  ft.  10  ins.  and  a 
throat  diameter  of  3  ft.  According  to  the  official 
records  of  the  station  the  unit  has  delivered  as  much 
as  150,000,000  gals,  per  day. 


WATER   DIVISION 
CONSTRUCTION    BRANCH 
Test  of  100  M.G.  Turbine  Driven  Pump 
at  the  Chain  of  Rocks  Station 


3.2       0.4       0.6       08       4.0       0.2        04 

Capacity  in  Millions  of  Gallons  per  Hour 
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De  Laval  Motor-driven  Centrifugal  Pumps  at  the  McCarren  Pumping  Station,  St.  Paul; 
5000  gals,  per  min.  each  against  171-ft.  head. 


ST.  PAUL,  MINN. 

In  1916  the  City  of  St.  Paul  purchased  from  the 
Northwestern  Electric  Equipment  Company,  of  St. 
Paul,  two  motor-driven  pumping  units  to  deliver 
normally  5000  gals,  per  minute  against  a  total  head 
of  171  ft.,  the  over-all  "wire  to  water"  efficiency  to 
be  not  less  than  72%.  Each  unit  consisted  of  a  12-in. 
De  Laval,  single-stage,  double-suction  volute  type 
centrifugal  pump  driven  by  an  Electric  Machinery 
Company  3-phase,  60-cycle,  2200-volt  synchronous 
motor,  to  operate  at  1200  r.p.m.  A  30-in.  by  13-in. 
Venturi  meter  was  installed  to  measure  the  water 
delivered  and  the  official  efficiency  test,  made  with 
carefully  calibrated  instruments,  gave  the  following 
results: 


Total  head,  ft 143.25  159.25  171.75  185.75 

Gals,  per  min 6771  5990  5035  3194 

Water  h.p 245.1  237.5  218.4  150.0 

Electrical  h.p 312.9  303.3  282  221.7 

Over-all  efficiency...        78.4  78.3  11.1  61.1 

Brake  h.p 298.5  389.6  269  209.9 

Pump  efficiency 82.2  82.1  81.2  71.5 

The  electric  motors  receive  3-phase,  60-cycle 
current  at  approximately  2200  volts  and  drive  the 
pumps  at  1200  r.p.m.  They  are  so  designed  that  they 
can  be  started  by  the  application  of  alternating  cur- 
rent to  the  armature  windings.  In  normal  operation 
they  are  supplied  with  exciting  current  by  directly 
connected  exciters  of  \%  kw.  capacity. 
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Two  De  Laval  Steam-turbine-driven  Centrifugal  Pumps  at  the  Brackenridge  Station  of  the  San  Antonio  Water  Supply  Co. 
capacity  of  each  unit  is  6,500,000  gals,  per  day  against  275-ft.  head,  or  13,000,000  gals,  per  day  against  137.5-ft.  head. 


Tht 


SAN  ANTONIO,  TEXAS 

The  water  supply  of  the  City  of  San  Antonio  is 
received  from  artesian  wells  800  ft.  in  depth.  As  the 
flow  is  under  a  head  of  only  12  or  15  ft.,  it  has  been 
necessary  to  install  pumping  stations.  The  main 
station,  equipped  with  two  triple-expansion  high- 
duty  pumping  engines,  one  of  25,000,000,  the  other 
of  30,000,000,  gals,  per  day  capacity,  is  located  in  the 
business  section  of  the  city  on  the  bank  of  the  San 
Antonio  river,  where  it  receives  water  from  11  wells. 

To  furnish  water  to  the  high-pressure  district  of 
the  city,  a  pumping  station  has  been  built  in  Brack- 
enridge Park,  near  the  river,  in  an  outlying  section  of 
the  city.  The  station  is  located  at  the  bottom  of  a 
terraced  bowl  or  amphitheatre,  the  floor  of  which  is 
2  ft.  above  the  normal  water  level  of  the  river  and 
in  periods  of  high  water  is  drained  by  special  pumps. 
The  water-works  pumps,  located  35  ft.  below  the 
bottom  of  the  bowl,  are  two  De  Laval  steam-turbine- 
driven  centrifugal  units,  each  having  a  capacity  of 


13,000,000  gals,  per  day  against  136.5-ft.  head,  or 
when  the  two  pumps  of  the  unit  are  operated  in 
series,  of  6,500,000  gals,  per  day  against  273-ft.  head. 
The  pumps  are  also  capable  of  developing  a  head  of 
343  ft.  for  fire  service.  The  water  is  delivered  to  the 
pumps  with  a  head  of  5  to  60  ft.,  but  the  pumps  are 
also  capable  of  operating  with  suction  lift.  Each 
unit  includes  a  water-works  type  surface  condenser 
designed  to  give  a  vacuum  of  28^  ins.  or  higher,  a 
reciprocating  hot-well  pump  and  a  crank-and-fly- 
wheel  dry  vacuum  pump.  There  are  also  two 
De  Laval  steam-turbine-driven  pumps,  one  having 
a  capacity  of  200  gals,  per  minute  against  65-ft. 
head,  for  pumping  seepage  and  circulating  water 
from  the  main  pump  pit,  and  the  other  having  a 
capacity  of  2000  gals,  per  minute  against  25-ft.  head, 
for  handling  storm  water,  both  being  designed  to  run 
non-condensing. 
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De  Laval  Geared-steam-turbine-driven  Centrifugal  Pump  installed  by  the  City  of  Toledo; 
30,000,000  gals,  per  day,  192-ft.  head. 


TOLEDO,  OHIO 

The  City  of  Toledo  is  supplied  by  two  pumping 
stations:  a  low-service  station  containing  two  gas- 
engine-driven  units  and  two  motor-driven  units, 
each  of  about  30,000,000  gals,  per  day  capacity,  and 
a  high-pressure  or  main  pumping  station  which  sup- 
plies the  larger  part  of  the  city  with  water  under  a 
maximum  head  of  192  ft.  The  main  pumping  sta- 
tion contains  a  30,000,000  gals,  per  day  triple- 
expansion  pumping  engine,  two  10,000,000  gals,  per 
day  compound  pumping  engines,  and  two  5,000,000 
gals,  per  day  horizontal  pumps. 


Recently  a  De  Laval  geared-steam-turbine-driven 
centrifugal  pump,  having  a  capacity  of  30,000,000 
gals,  per  day,  has  been  installed.  This  unit  delivers 
into  the  same  force  mains  with  the  other  pumps  at 
this  station,  and  it  has  been  found  that  pulsation 
in  the  pipe  lines  is  greatly  reduced  when  the  cen- 
trifugal pump  is  running.  The  auxiliary  equipment 
consists  of  a  surface  condenser  of  the  water-works 
type,  installed  in  the  suction  line,  together  with  a 
Rotrex  vacuum  pump  and  a  geared  condensate  lift 
pump,  both  driven  by  a  vertical  steam  engine. 
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John  Street  Pumping  Station,  Toronto,  containing  three  De  Laval  24,000,000  Imperial  gals.  1  urbme-driven  Pumps;  268-ft.  head. 


TORONTO,  ONT. 

The  City  of  Toronto  is  supplied  by  two  pumping 
stations,  the  John  St.  Station,  serving  part  of  the  city 
directly  and  also  delivering  water  to  two  mains,  one, 
under  a  pressure  of  20  lbs.,  running  to  a  reservoir  in 
the  northern  part  of  the  town  and  the  other  supplying 
centrifugal  pumps  in  a  second  or  high-level  pumping 
station.  The  John  St.  Station  contains  two  10,000,- 
000-gal.  horizontal  duplex  pumps,  two  15,000,000-gal. 
vertical  triple-expansion  high  duty  reciprocating 
pumping  engines,  four  13,500,000-gal.  centrifugal 
pumps  driven  by  motors  using  Niagara  power,  two 
5,000,000-gal.  centrifugal  pumps  directly  connected 
to  steam  turbines,  and  two  other  pumps  of  the  same 
capacity  connected  to  motors  and  used  for  high- 
pressure  fire  service. 

With  a  view  to  increasing  capacity  and  economy, 
specifications  were  issued  in  1912  covering  three 
different  types  of  machines,  viz.,  triple-expansion 
fly-wheel  plunger  pumps,  centrifugal  pumps  driven 
by  triple-expansion  engines,  and  centrifugal  pumps 
driven  by  steam  turbines,  the  capacity  to  be  not  less 
than  15,000,000  Imperial  gals,  against  a  pressure  of 
105  lbs.  per  sq.  in.  A  duty  of  100,000,000  ft.  lbs.  per 
1000  lbs.  of  steam  at  150-lb.  gage  pressure  and 
98^%  quality  was  specified,  with  a  bonus  of  ^1500 
for  each  million  in  excess  and  a  penalty  of  ^2000  for 
each  million  below,  all  auxiliaries,  including  jackets. 


reheaters,  air  pumps,  air  compressors,  boiler  feed 
pumps,  etc.,  to  be  included  in  figuring  the  duty.  The 
contractor  was  also  required  to  supply  the  con- 
densing equipment,  and  the  unit  was  charged  with 
the  head  consumed  in  the  condenser  and  the  steam 
used  in  operating  the  condenser  pumps.  The  con- 
tract was  awarded  to  the  Turbine  Equipment  Co., 
Ltd.,  of  Toronto,  representing  the  De  Laval  Steam 
Turbine  Co.,  for  two  24-in.  centrifugal  pumps  run- 
ning at  600  r.p.m.  and  driven  by  a  1400  h.p.  geared 
steam  turbine  of  the  impulse,  pressure-stage  type  and 
operating  at  3600  r.p.m.  The  pumps  are  of  the  single- 
stage,  double-suction  type,  and  are  connected  in 
series.  The  condenser  contains  1300  sq.  ft.  of  1-in. 
brass  tubes  and  receives  all  water  delivered  to  the 
pump.  The  air  pump  is  of  the  wet  vacuum  type  and 
the  condensate  is  delivered  from  the  hot  wells  to  the 
boilers  by  a  triplex  single-acting  boiler  feed  pump, 
operated  by  chain  drive  from  the  main  pumping 
unit.  The  capacity  of  the  pumping  unit  was  to  be 
increased  later  to  24,000,000  Imperial  gals,  per  day. 
The  acceptance  test  on  this  pump  was  run  on 
November  30  and  December  1,  1914,  under  the 
supervision  of  Prof.  Robert  W.  Angus,  of  the 
University  of  Toronto.  During  the  test,  which  was 
of  24  hours'  duration,  readings  were  taken  every  lyi 
minutes  of  suction  and  discharge  pressures,  Venturi 
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Two  De  Laval  Turbine-driven  Centrifugal  Pumps  in  High-level  Pumping  Station,  Toronto;   capacities,  20,000,000  gals, 
per  day  against  106  ft.  and  7,500,000  gals,  per  day  against  266  ft. 


meters  and  condensate  weights,  while  the  steam  main 
and  nozzle  pressure,  vacuum,  speed  and  calorimeter 
readings  were  taken  every  15  minutes,  all  gages 
being  calibrated  both  before  and  after  the  trial  and 
the  scales  examined  and  certified  by  a  Government 
inspector.  The  principal  final  results  were  as  follows: 

Steam  pressure  at  turbine  nozzle,  lbs.  per  sq.  in.  137.4 

Absolute  condenser  pressure,  in.  of  mercury 1.06 

Total  head  on  pump,  lbs.  per  sq.  in.* 114.1 

Moisture  in  steam,  per  cent 1.05 

Water  delivered  per  24  hrs..  Imperial  gals 18,373,000 

Water  h.p 1016.4 

Steam  per  water  h.p.  per  hr.,  lbs 15.18 

Duty  per  1000  lbs.  of  steam,  ft.  lbs 130,449,000 

Two  similar  De  Laval  units,  each  capable  of  de- 
livering 24,000,000  Imperial  gals,  per  day  against 
250-ft.  head,  have  since  been  purchased  for  use  in  the 
same  station,  also  a  unit  of  20,000,000  gals,  per  day 
capacity  against  106-ft.  head  and  one  of  7,500,000 
gals,  per  day  capacity  against  266-ft.  head  for  the 
high-level  pumping  station. 

Tests  of  one  of  the  24,000,000-gal,  pumps,  made 
March  8,  1917,  by  Prof.  Angus,  show  the  following 
results: 

*Suction  reading  taken  on  42-in.  main  before  condenser;  dis- 
charge pressure  taken  in  24-in.  pipe;  no  correction  allowed  for 
friction  or  velocity  head. 


Steam  pressure  at  throttle,  lbs.  gage  . .  .'. 144.6 

Vacuum  corrected,  ins 29.27 

Moisture  in  steam,  per  cent .35 

Delivery,  Imperial  gals,  per  day 25,100,000 

Pressure  at  pump,  lbs.  net 107.18 

Speed,  average 574.8 

Water  h.p 1306 

Steam  per  water  h.p.  hour,  lbs 12.88 

Duty,  ft.  lbs.  per  1000  lbs.  steam 153,920,000 

The  discharge  pressure  was  taken  on  the  24-in.  pipe 
close  to  the  discharge  flange  of  the  pump,  while  the 
suction  pressure  was  taken  on  the  42-in.  main  im- 
mediately in  front  of  the  water  works  condenser.  No 
allowance  for  friction  or  velocity  head  between  these 
two  points  was  made  in  figuring  the  total  head  given 
above.  However,  during  the  official  test,  readings 
were  also  taken  close  to  the  24-in,  suction  nozzle  of 
the  pump,  and  it  was  found  that  the  friction  and 
velocity  head  between  the  42-in.  suction  main  and 
the  pump  nozzles  was  4.77  ft.  The  cooling  water  for 
the  bearings  and  for  the  cooling  coil  in  the  oil  tank 
was  taken  from  the  discharge  of  the  first  pump,  40 
gals,  per  minute  being  used.  The  boiler  feed  pump 
was  driven  from  the  pump  shaft  by  means  of  a  silent 
chain,  requiring  approximately  6  brake  h.p.  Giving 
the  pumping  unit  credit  for  all  of  the  above  losses, 
the  duty  becomes  157.62  million  ft,  lbs. 
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The  24,000,000  Imperial  gals,  per  day  Pump  for  the  John  Street  Station,  Toronto,  in  test  room  at  the  De  Laval  shops. 


By  separate  tests  it  was  found  that  the  air  pump 
used  680  lbs.  of  steam  per  hour.  The  air  pump  ex- 
haust was  admitted  to  the  low-pressure  part  of  the 
main  turbine,  and  allowing  for  work  done  by  it  in 
the  main  turbine,  the  duty  of  the  bare  machine  with- 
out any  auxiliaries  would  be  160.5  million  ft.  lbs. 

The  total  capacity  of  De  Laval  steam-turbine- 
driven  centrifugal  pumps  installed  for  the  City  of 
Toronto  aggregates  100,000,000  Imperial  gals,  per 
day,  and  nearly  5000  water  h.p.  Four  additional 
motor-driven  pumping  units,  each  designed  to  deliver 
20,000,000  Imperial  gals,  per  day  against  250-ft. 
head,  have  now  been  ordered. 

The    60,000,000-gal.-per-day    water    purification 


plant  of  the  City  of  Toronto  is  equipped  with  three 
De  Laval  electrically  driven  pumps,  each  having  a 
capacity  of  36,000,000  Imperial  gals,  per  day  and 
designed  to  operate  against  a  total  head  of  32  ft.  On 
the  official  test  these  pumps  showed  an  efficiency  of 
86%.  The  delivery  of  the  pumps  is  controlled  auto- 
matically by  the  water  level  in  the  filters  by  means  of 
a  pilot  device  and  hydraulically  operated  valves. 
There  are  also  several  smaller  pumps  for  drainage, 
hydraulic  pressure,  back-wash,  water-tank  supply, 
etc.  Ordinarily  these  pumps  receive  Niagara  power, 
but  as  a  standby  and  for  use  during  peak  loads,  a 
1200  kw.  generator  driven  by  a  De  Laval  geared 
turbine  has  been  installed. 


LAKE    ONTARIO 


Longitudinal  section  through  Toronto  Filtration  Plant,  showing  location  of  electrically-driven  Pumps. 
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De  Laval  Geared-steam-turbine-driven  Centrifugal  Pumps  installed  for  the  City  of  Wilmington;  one  unit  of  12,000,000  gals, 
per  day  capacity  against  275-ft.  head  and  two  of  9,000,000  gals,  per  day  capacity  each  against  130-ft.  head. 


WILMINGTON,  DEL. 

The  City  of  Wilmington,  in  1917,  installed  two 
De  Laval  9,000,000-gal.  geared-turbine-driven  cen- 
trifugal pumping  units  to  pump  water  against  ap- 
proximately 130-ft.  head  and  one  De  Laval  12,000,- 
000-gal.  unit  to  operate  against  a  head  of  275  ft. 
The  two  smaller  units  pump  the  filtered  water  into 
a  storage  reservoir  for  the  city  supply  and  run  alter- 


nately each  week.  The  12,000,000-gal.  pump  is  for 
emergency  use  and  handles  either  raw  water  from 
the  creek  to  the  filter  or  filtered  water  from  the  filter 
to  the  reservoir.  The  same  station  contains  one 
triple-expansion  reciprocating  engine  pumping  raw 
water  to  the  filter. 


BiiiniiniiiiiiiHiiiiiiiiiiiiiiMnMnrniMniniiiiMiiiMiiniriiiMiiHiiiiniiiiiiiMiiiiiiiiiMirMiMnHiiHiMiiiniiiiiinniiiniiiiHiinniniMiiininiiiiniHiiiiMHiiiiiiinNiiHiiHiiiniMiiiiiiiin 


uiMiiiiiiiiiiiMiiiiiiiiiiiiiiiiiiiiitiininiiMiiniiiiiiiiiiiiiMiiiiiiiiiiiMiiiiiiiiiiiiiiniiiiiMiiiiiiiiiiiiiiiiiiiiiiiHiiiMiiiiiiiiiiitiiiiiiiiiiiiiiiiiiiMiiniiiiiMiiiniiiiiiiiiiM 

I  ENGINEERINGDATA  55      | 

i        iiMiMiiiiMirinininnininiiiininiiniininniiniriiiiniiiiiHiinininininnnMnniniiiiiiniiiiiiniiiiHiiiiiitiiniMiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiitiiiiiiiiiiiiiniiMiiniMiitiiiiiiii^  = 


TESTING   STEAM  PUMPING  UNITS 
STEAM  MEASUREMENTS 


Steam  Pressures  should  be  measured  at  two  points: 

1.  Above  the  throttle  valve. 

2.  Below  the  governor  valve  In  the  nozzle  cham- 

ber of  a  turbine. 

Guarantees  are  based  upon  a  certain  pressure  at 
the  throttle,  and  it  is  therefore  important  that  this 
pressure  be  maintained  as  near  to  the  specified  pres- 
sure as  possible.  The  pressure  in  the  nozzle  chamber 
should  also  be  noted.  If  the  turbine  is  equipped  with 
hand-operated  nozzle  control  valves,  it  is  as  a  rule 
possible  to  bring  the  nozzle  pressure  within  less  than 
10  lbs.  of  the  throttle  pressure  at  full  load.  The 
individual  nozzle  valves  should  either  be  closed 
tightly  or  wide  open  and  not  throttled,  which  is 
detrimental  to  economy,  especially  on  single-stage 
turbines,  where  the  steam  passing  through  a  throttled 
or  leaking  shut-off  valve  would  not  do  any  work 
whatsoever,  but  would  still  be  charged  against  the 
unit. 

The  steam  gages  should  be  calibrated  by  means  of 
a  dead-weight  gage  tester.  The  connections  should 
be  at  right  angles  to  and  perfectly  flush  with  the 
inside  surface  of  the  steam  pipe.  Due  allowance 
should  be  made  for  any  head  of  water  in  the  con- 
necting pipe.  Spring  gages  should  be  tapped  each 
time  before  reading. 

Quality  of  Steam — If  the  steam  is  superheated,  the 
temperature  should  be  measured  close  to  the  throttle 
valve  by  means  of  an  accurate  thermometer.  The 
degree  of  immersion  of  the  thermometer  in  its  well 
should  be  taken  into  account  if  this  is  not  provided 
for  on  the  scale  of  the  thermometer.  The  steam  pipe 
should  be  well  insulated  at  this  point,  since  if  the 
pipe  walls  lose  heat  rapidly  by  radiation  the  ther- 
mometer bulb  will  in  turn  radiate  to  the  walls  and 
show  a  temperature  lower  than  that  of  the  steam. 

If  the  steam  is  not  superheated,  the  quality  should 
be  measured  by  means  of  a  throttling  calorimeter, 
placed  close  to  the  throttle  valve,  with  the  sampling 
tube  at  a  point  where  the  steam  and  moisture  are 
most  apt  to  be  thoroughly  mixed.  A  form  due  to 
W.  R.  Woolrich  is  shown  above. 


The  sampling  tube  should  be  made  according  to  the 
rulesoftheAmerican  Society  of  Mechanical  Engineers, 
that  is,  of  ^-in.  pipe  extending  to  within  ^  in.  of  the 
opposite  side  of  the  steam  pipe  and  closed  at  the  end. 
Not  less  than  20  y^-\n.  holes  (uniformly  distributed 
and  preferably  in  spiral  rows)  should  be  drilled  in  the 
sampling  tube,  the  first  of  these  holes  to  be  not  less 
than  y2  in.  from  the  wall  of  the  pipe. 

The  following  readings  should  be  taken: 

Pi  =  steam  pressure  in  main,  lbs.  per  sq.  in.  absolute 
P2  =  steam  pressure  in  calorimeter,  lbs.  per  sq.  in. 

absolute 
tc  =  temperature  in  calorimeter,  deg.  F. 
li  =  latent  heat  corresponding  to  pi,  B.t.u. 
hi  =heatofliquidcorrespondingtopi,  B.t.u. 
H2  =  total  heat  corresponding  to  p2,  B.t.u. 
t2  ^temperature  corresponding  to  P2,  B.t.u. 
Cp=  specific    heat  of  superheated  steam,  =  0.47 

(approx.) 
Xi  =  initial  quality  of  steam 


From 

Steam 

Tables 


Xi  = 


H2+0.47(te-t2)-h. 
li 
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I                                                                                                         whole   volume   of  steam,   can   be   used,   or   special  i 

I                                                                                                          methods  of  sampling  can  be  applied,  as  by  Stott  and  | 

Pigott,  who  used  as  a  sampler  a  }4-in.  brass  nozzle  | 

pointing  against  the  flow,  the  steam  being  withdrawn  I 

at  such  a  rate  that  the  velocity  in  the  nozzle  was  the  | 

same  as  the  velocity  in  the  main.    It  was  found  that  | 

the  sampler  should  project  into  the  pipe  one-sixth  of  | 

the    pipe    diameter    to    secure    approximately    the  | 

average  flow.  | 

Exhaust   Pressure. — If  the   unit  exhausts   to  the  | 

atmosphere  or  against  a  back  pressure  of,  say,  up  to  | 

5-lb.  gage,   a  mercury  column  should  be  used  for  | 

measuring  the  back  pressure;    for  higher  back  pres-  | 

sures,  a  low-reading  spring  gage  may  be  used,  which,  | 

however,  should  be  calibrated  by  means  of  a  dead-  | 

weight  gage  tester.  | 

Even  if  the  unit  exhausts  into  the  atmosphere,  a  | 

reading  of  back  pressure  should  be  taken  close  to  the  | 

exhaust  flange.    Due  to  small  exhaust  lines,  the  unit  | 

may  actually  be  operating  with  several  pounds  back  | 

To  save  looking  up  values  in  the  steam  table,  the      pressure.  | 

above  chart  has  been  prepared  by  Woolrich.                        If  the  unit  exhausts  into  a  condenser,  the  vacuum  | 

The  steam  pressure  in  the  main  where  the  calorim-     should  be  measured  by  means  of  a  mercury  column  | 

eter  is  tapped  in  is,  as  a  rule,  the  same  as  the  throttle     attached  close  to  the  exhaust  flange  of  the  turbine.  | 

pressure  and  the  same  gage  may  be  used.                             Vacuum   guarantees    are,   as   a   rule,    referred   to  = 

The  pressure  in  the  calorimeter  is  ordinarily  taken     30-in.   barometer  and,   for  this   reason,   corrections  j 

by  means  of  a  mercury  column  connected  to  the  pet     have  to  be  applied  to  the  readings  as  taken  on  the  | 

cock  provided  for  this  purpose.                                           mercury  column.    The  temperatures  of  the  mercury  | 

The  temperature  in  the  calorimeter  is  taken  by     and  of  the  scale  also  afi^ect  the  readings,  and  under  | 

means  of  a  thermometer,  which  should  be  immersed     certain  conditions,  the  corrections  to  be  made  may  | 

in  oil.    Short  thermometers,  as  generally  supplied     be  quite  considerable.    The  standard   atmospheric  | 

with  the  calorimeter,  should  be  used.    If  a  very  long     pressure  is  equivalent  to  760  mm.  of  mercury  at  | 

thermometer   with    most    of   the    scale    above    the     0°  C,  the  acceleration  of  gravity  being  980.665  cm.  | 

calorimeter  is  used,  corrections  must  be  made,  or     per  sec.  per  sec.   This  is  represented  by  29.921  in.  of  | 

preferably  the  thermometer  should  be  standardized      mercury  at  32°  F.  at  sea  level  in  latitude  45°,  and  | 

for  the  immersion  at  which  it  is  to  be  used.  The  body     when  information   as  to  barometer  pressure  is  re-  | 

of  the  calorimeter  should  be  well  lagged  with  in-     quested  from  the  U.  S.  Weather  Bureau,  it  is  as  a  i 

sulating  material.                                                                   rule  given  on  this  basis.  I 

If  steam  is  very  wet,  so  that  water  collects  and          The  30-in.   barometer  referred  to  in  steam  con-  i 

flows  along  the  pipe  wall,  it  is  obviously  difficult  to     sumption    guarantees    therefore    corresponds    to    a  | 

secure  a  representative  sample,  and  a  combination  of     mercury  temperature  of  58.1°  F.,  a  non-expansible  i 

separating  and  superheating  calorimeters  should  be     scale  being  assumed.   Barometer  readings  as  obtained  | 

used.    With  low-pressure,  low-density  steam,  high     from  the  Weather  Bureau  or  other  source  and  vacuum  | 

steam   velocity   and    very  wet   steam,   the   electric      readings  taken  on  the  mercury  column  should  there-  j 

calorimeter,  which  uses  electric  energy  to  dry  the      fore  be  corrected  to  this  temperature.  | 
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The  above  chart,  due  to  F.  0.  Ellenwood,  shows 
the  corrections  for  different  temperatures  of  the  mer- 
cury on  the  assumption  that  the  scale  is  correct  at 
58.1°  F.  and  that  a  non-expanding  scale  is  used. 
The  correction  even  for  a  full  length  brass  scale  is, 
however,  not  large  enough  to  be  of  any  importance 
for  ordinary  practical  purposes,  being  under  usual 
operating  conditions  less  than  ^  in. 

As  a  rule  pumping  units  are  not  installed  at  sea 
level  and  it  is  therefore  necessary  to  make  a  correc- 
tion to  the  vacuum  readings  for  altitude  and  similarly 
also  if  the  vacuum  reading  is  taken  at  an  altitude 
different  from  that  at  which  the  barometer  reading 
is  taken.  This  correction  is  quite  considerable  for 
even  comparatively  small  differences  in  altitude.  For 
example,  at  an  altitude  of  890  ft.,  the  normal  ba- 
rometer is  29  in.  mercury  for  30  in.  at  sea  level.  A 
machine  designed  for  28-in.  vacuum  at  sea  level 
might  therefore  show  a  reading  of  27  in.  on  the 
mercury  column  at  890  ft.  elevation,  but  the  absolute 
pressure  in  the  exhaust  pipe  would  be  the  same  in 
both  instances. 
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The  above  chart  shows  the  normal  barometer  at 
different  altitudes,  while  the  chart  below,  also  due  to 
Ellenwood,  gives  the  correction  in  inches  mercury  for 
each  100  ft.  change  in  altitude  at  different  altitudes 
and  different  air  temperatures.  When  applying  this 
correction,  use  the  mean  altitude  of  the  two  points 
in  question. 
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The  method  of  applying  the  different  corrections 
for  vacuum  can  best  be  illustrated  by  examples: 

Assume  that  the  vacuum  reading  at  the  exhaust 
flange  is  28.35  in.  mercury  and  that  the  temperature 
of  the  air  near  the  mercury  column  is  110°  F.  What 
is  the  vacuum  referred  to  a  30-in.  barometer  at 
58.1°  F.,  when: 

1.  The  reading  on  a  mercury  barometer  located 
175  ft.  above  the  vacuum  gage  is  30.2  in.,  with  an  air 
temperature  of  80°  F.  ? 

The  vacuum  reading  of  28.35  in.  Hg.  at  110°  F.  is 
subjected  to  a  correction  of  .148  (see  chart  in  left- 
hand  column)  to  reduce  the  reading  to  58.1°  F. 
temperature;  in  other  words  the  vacuum  referred  to 
58.1°  F.  temperature  is  28.35  -.148=  28.202  in.  Hg. 
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The  barometer  reading  referred  to  58.1°  F.  equals 
30.2  —.098  =30. 102  in.  Hg.  The  barometer  pressure  at 
the  elevation  of  the  vacuum  gage,  or  175  ft.  below  the 
barometer,  would  be,  assuming  a  mean  altitude  of  300 
ft.,  30.102  +  (1.75  X  0.103)  =  30.102  +  0.18  =  30.282 
(see  third  chart,  p.  57),  or  the  absolute  pressure  at 
the  turbine  exhaust  30.282  -28.202  =2.08  in.  Hg., 
corresponding  to  a  vacuum  of  30  —2.08  =27.92  in. 
Hg.  referred  to  a  30-in.  barometer. 

If  no  attention  were  paid  to  temperatures  and 
elevations,  quite  considerable  errors  would  result.  In 
this  example,  the  absolute  pressure  would  work  out 
as  30.2—28.35=1.85  in.  Hg.,  and  the  vacuum  as 
30  —1.85  =28.15  in.  Hg.  referred  to  30-in.  barometer, 
thus  causing  an  error  of  28.15  —27.92  =.23  in.  Hg.  in 
the  vacuum. 

2.  Assume  the  same  readings  on  the  vacuum  gage 
as  before,  but  that  the  elevation  of  the  vacuum  gage 
(mercury  column)  is  750  ft.  above  sea  level  and  that 
the  Weather  Bureau  has  given  a  barometer  reading 
of  30.5  in.  Hg.  referred  to  sea  level  and  32°  F. 

A  barometer  placed  at  750  ft.  elevation  with  80°  F. 
air  temperature  would  th^n  give  a  reading  of  30.5  — 
(7.5  X.1025)  +0.08  +0.068  =  29.878  in.  Hg.  and  this 
reading  corrected  to  58.1°  F.  would  become  29.878  — 
.066  =29.812  in.  Hg.  The  vacuum  reading  referred 
to  58.1°  F.  as  given  above  was  28.202  in.  Hg.  The 
absolute  pressure  at  the  turbine  exhaust  is  therefore 
29.812-28.202=1.61  in.  Hg.,  or  a  vacuum  of 
30  —  1.61  =  28.39  in.  referred  to  30-in.  barometer.  In 
order  to  avoid  these  large  corrections,  it  is  of  course 
preferable  to  obtain  from  the  Weather  Bureau  the 
actual  barometric  pressure  at  the  altitude  in  question. 

Measurement  of  Condensate. — No  other  method  of 
measuring  the  condensate  than  actual  weighing  or 
by  volumetric  measurement  should  be  accepted. 
Scales  should  be  calibrated  by  means  of  standard 
weights  both  before  and  after  the  test.  Corrections 
should  be  made  for  any  steam  withdrawn  with  the 
air  by  independent  air  pumps.  In  air  pumps  of  the 
hurling  water  or  entrainment  type  this  steam, 
together  with  the  power  input  of  the  pump,  goes  to 
heat  the  hurling  water.  By  measuring  the  rise  in 
temperature  of  and  weight  of  the  latter  and  the 
power  required  to  drive  the  pump,  it  is  possible  to 
ascertain  the  heat  due  to  the  withdrawn  steam,  and 
therefore  the  weight  of  the  steam. 


THE  DE  LAVAL  STEAM  SCALE 

By  means  of  the  chart  opposite  the  steam  con- 
sumption of  a  "perfect"  heat  motor  can  be  deter- 
mined for  any  given  steam  conditions,  and  by  com- 
paring the  steam  consumption  of  the  perfect  heat 
motor  with  that  of  an  actual  heat  motor,  the  effici- 
ency ratio  of  the  latter  is  found.  As  ordinarily  done 
by  reading  off  quantities  on  the  chart  and  making 
calculations  therefrom,  considerable  time  is  con- 
sumed and  there  are  also  many  possibilities  of  error, 
but  by  the  use  of  the  De  Laval  Steam  Scale  accom- 
panying this  chart  (1)  the  heat  energy  available  be- 
tween any  given  initial  and  final  conditions,  (2)  the 
resulting  velocity  of  the  steam  when  expanded  in  a 
perfect  nozzle,  (3)  the  steam  consumption  of  a  per- 
fect motor  in  pounds  per  horse-power  hour,  and  (4) 
the  duty  of  a  perfect  engine  in  millions  of  foot  pounds 
per  thousand  pounds  of  steam  may  be  determined  at 
once  without  computation.  If  the  actual  steam  con- 
sumption of  the  engine  is  known,  (5)  the  efficiency 
ratio  is  then  found  by  simple  division.  (6)  The  qual- 
ity of  the  steam  at  the  end  of  perfect  expansion,  and 
also  at  the  end  of  an  actual  expansion,  are  read  off 
immediately  from  the  chart.  Knowing  this,  (7)  the 
volume  of  the  mixture  at  the  end  of  the  expansion 
may  be  determined  by  reference  to  the  table  on 
page  60. 

Example:  Suppose  the  steam  has  a  pressure  of 
150  lbs.  gage;  that  its  temperature  is  500°  F., 
corresponding  to  134°  superheat,  and  that  it  is  to 
be  expanded  to  a  vacuum  of  28  in. 

The  constant  pressure  lines  run  from  the  lower  left- 
hand  corner  to  the  upper  right-hand  corner.  The 
constant  quality  lines  run  from  the  upper  left-hand 
corner  toward  the  lower  right-hand  corner.  The  one 
marked  "dry  and  saturated  steam"  corresponds  to 
quality  1.00.  The  horizontal  lines  are  constant  total 
heat  lines  and  the  vertical  lines  are  constant  entropy 
lines. 

Find  where  the  150  lbs.  gage  pressure  line  inter- 
sects the  134°  F.  line.  This  is  the  starting  point  for 
measurement.  Placing  the  scale  vertically  with  the 
0  at  this  point,  it  will  be  found  that  the  28  in.  vacuum 
line  intersects  the  scale  at  350  B.t.u.,  which  is  the 
heat  available  to  be  turned  into  mechanical  work  in 
a  perfect  engine  or  turbine  working  between  the 
given  limits.    Using  the  velocity  scale  instead  of  the 
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B.t.u.  scale  it  will  be  seen  that  the  resulting  velocity 
from  a  perfect  nozzle  is  4190  feet  per  second.  Using 
the  duty  scale  it  will  be  seen  that  the  duty  of  a  per- 
fect engine  would  be  273  million  foot  pounds  per 
1000  lbs.  of  steam.  Using  the  steam-consumption- 
per-h.p.-hour  scale  it  will  be  seen  that  a  perfect 
engine  working  between  these  limits  would  require 
7.14  lbs.  of  steam  per  h.p.  hour. 

Suppose  that  an  actual  turbine  working  between 
these  limits  uses  11  lbs.  per  h.p.  hour.  Its  efficiency 
ratio  is  then  7.14  -^  11  =64.9%. 

The  terminal  point  of  expansion  for  the  perfect 
engine  lies,  it  will  be  noted,  at  quality  .82.  To  find 
the  quality  for  the  actual  engine  using  11  lbs.  per 
h.p.  hour,  place  the  0  point  as  before  on  intersection 
of  the  134°  F.  and  the  150  lb.  line,  and  note  the  posi- 
tion of  the  11  lbs.  per  h.p.  hour  mark  on  the  scale. 
From  this  point  run  horizontally  until  the  28  in. 
vacuum  line  is  encountered.  The  point  of  intersec- 
tion of  the  line  that  is  run  horizontally  with  the  28 
in.  vacuum  line  is  found  to  be  about  at  quality  .936. 
Referring  to  the  table  it  will  be  seen  that  a  pound  of 
saturated  steam  at  28  in.  vacuum  occupies  339.6 
cu.  ft.,  a  pound  of  steam  of  quality  .932  will,  there- 
fore, occupy  339.6  x.936.  =  318  cu.  ft. 

CORRECTIONS  FOR  VARIATIONS  IN 

STEAM  PRESSURE,  SUPERHEAT 

AND  VACUUM 

The  steam  consumption  of  an  engine  or  turbine  is 
normally  reduced  by  increasing  the  pressure,  by 
increasing  the  superheat,  or  by  increasing  the  vacuum. 
The  theoretical  increase  in  a  perfect  engine  operating 
according  to  the  Rankine  cycle,  that  is,  expanding 


the  steam  at  constant  entropy  and  without  recom- 
pressing  or  feed  reheating  attachments,  may  be 
determined  directly  by  the  use  of  the  De  Laval  Scale 
in  conjunction  with  the  MoUier  diagram  on  page  58. 
With  the  scale  vertical,  place  the  c(  point  on  the 


column  headed 


'Lbs.  steam' 
h.p.  hr. 


opposite  the  point  on 


the  chart  corresponding  to  the  initial  pressure  and 
quality  of  the  steam  and  the  figure  on  the  scale  which 
lies  over  the  final  pressure  on  the  chart  will  be  the 
theoretical  steam  consumption.  By  selecting  other 
terminal  conditions,  the  effect  of  any  change  can  be 
determined.  For  more  exact  results,  the  large-scale 
MoUier  diagrams  or  the  temperature-entropy  tables 
in  the  steam  tables  of  Marks  &  Davis,  Peabody, 
Ellenwood  or  Goodenough  can  be  used. 

The  correction  factors  to  be  employed  in  allowing 
for  variations  from  specified  steam  and  exhaust  con- 
ditions will  vary  according  to  the  make  or  design  of 
turbine  or  engine. 

The  steam  consumption  of  the  condensing  turbine 
is  improved  approximately  1%  for  each  10-lb. 
increase  in  steam  pressure  and  1%  for  each  10°  F. 
increase  in  superheat,  which  latter  is  about  50% 
more  than  the  theoretical  increase. 

Moisture  in  the  steam  will  increase  the  amount  of 
water  weighed  as  condensate  about  2%  for  each  1% 
of  moisture. 

The  benefit  per  inch  of  vacuum  increases  rapidly  as 
high  vacua  are  approached.  Around  28-in.  vacuum 
the  steam  consumption  of  the  pressure  stage  impulse 
turbine  is  reduced  7%  to  8%  for  1  in.  increase  in 
vacuum. 
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DUTY  GUARANTEES  ON  A  B.T.U.  BASIS 
AND  FEED-REHEATING  CYCLES 

For  given  terminal  conditions,  that  is,  given  steam 
pressure,  superheat  and  vacuum,  the  steam  con- 
sumption of  an  engine  or  turbine  is  an  acceptable 
measure  of  its  efficiency  or  duty.  Steam  consumption 
cannot,  however,  be  used  alone  in  comparing  units 
designed  to  work  under  different  terminal  conditions, 
as  will  be  evident  from  the  previous  discussion. 
A  universal  basis  for  comparing  pumping  engine 
performance  is  that  based  upon  foot  pounds  de- 
veloped per  net  million  B.t.u.'s  received  from  the 
boiler.  The  pumping  unit  is  charged  with  the  total 
heat  in  the  steam  as  received  from  the  boiler  and  is 
credited  with  the  total  heat  in  the  condensate  as 
delivered  back  to  the  boiler.  By  withdrawing  the 
steam  from  an  intermediate  stage  of  the  turbine  to 
heat  the  feed  water  it  is  possible  to  increase  con- 
siderably the  duty  on  the  B.t.u.  basis. 

This  will  be  apparent  from  the  following  figures: 

A  perfect  engine  or  turbine  receiving  saturated 
steam  at  150-lb.  gage  and  exhausting  to  a  back 
pressure  of  2-in.  mercury  column  absolute  would 
receive  1195  B.t.u.  per  pound  of  steam,  of  which 
325  B.t.u.  would  be  converted  into  work  and  the 
remainder,  870  B.t.u.,  wasted  in  the  condenser 
circulating  water.  In  an  actual  engine  the  propor- 
tion converted  into  work  is  smaller  and  that  wasted 
larger  than  these  figures  indicate.  A  perfect  engine 
receiving  steam  at  150-lb.  gage  and  exhausting 
against  a  back  pressure  of  2-lb.  gage  would  convert 
only  167  B.t.u.  into  mechanical  work  and  would 
deliver  1028  B.t.u.  in  the  exhaust  steam.  If  now  this 
exhaust  steam,  containing  1028  B.t.u.  per  pound,  is 
used  for  heating  feed  water,  so  that  the  1028  B.t.u. 
are  returned  to  the  boiler,  or  is  used  for  industrial 
purposes,  the  second  engine  will  be  much  the  more 
economical  on  the  B.t.u.  basis,  since  only  as  much 
heat  is  consumed  as  is  actually  converted  into  work. 

Considering  a  pumping  unit,  it  will  obviously  be 
advantageous  to  withdraw  as  much  steam  from  the 
turbine  at  a  suitable  pressure  during  expansion  as 
can  be  utilized  in  reheating  feed  water.  The  duty  of 
such  a  turbine  expressed  in  million  foot  pounds  per 
thousand  pounds  of  steam  will  be  lower  than  that 
of  a  turbine  from  which  no  steam  is  bled,  but  its  duty 
as  expressed  in  million  foot  pounds  per  net  million 
B.t.u.  received  from  the  boiler  will  be  higher. 


For  example,  assume  a  turbine  driving  a  centrifu- 
gal pump  requiring  1600  brake  horsepower  and 
designed  for  a  steam  pressure  of  150-lb.  gage  at  the 
throttle,  100°  F.  superheat  and  a  vacuum  of  28>^  in. 
Assume  that  the  turbine  is  arranged  to  bleed  steam 
at  a  pressure  of  2-lb.  gage.  The  steam  consumption 
of  the  turbine  when  no  steam  is  extracted  is  10.4  lbs. 
per  brake  horse  power  per  hour.  The  turbine  accord- 
ingly requires  10.4X1600  =16,640  lbs.  of  steam  per 
hour,  which  is  equivalent  to  1252  x  16,640  =20.83  X 
10^  B.t.u.  per  hour,  1252  B.t.u.  being  the  total  heat 
in  one  pound  of  steam  at  150  lbs.  pressure  and  100°  F. 
superheat.  If  the  condensate  is  regained  at  88°  F., 
the  net  heat  consumption  of  the  turbine  will  be 
16,640  X  (1252  -  56)  =  19.92  x  10"  B.t.u.  per  hour,  or 
12,450  B.t.u.  per  brake  horse  power  hour. 

Now  if  all  the  steam  is  bled  at  2-lb.  gage,  the 
turbine  will  require  36,000  lbs.  steam  per  hour  and 
will  have  to  be  supplied  with  36,000  X 1252  =45.07  X 
W  B.t.u.  per  hour,  but  of  this  amount,  36,000  X 1073  = 
38.63  xlO®  B.t.u.  are  used  for  heating  and  are  not 
to  be  charged  against  the  turbine,  1073  being  the 
number  of  B.t.u.  in  one  pound  of  steam  after 
adiabatic  expansion  from  150-lb.  pressure  and  100°  F. 
superheat  to  2-lb.  gage  pressure.  The  actual  heat 
consumption  of  the  turbine  in  this  case  is  then 
45.07  xlO« -38.63  xlO«  =6.44  xlO«  B.t.u.  per  hour, 
or  4020  B.t.u.  per  brake  horse  power  hour.  On 
p.  62  are  curves  showing  the  heat  consumption  of 
the  turbine  when  different  amounts  of  steam  from 
nothing  to  the  maximum  are  extracted. 

Curve  I  gives  the  total  B.t.u.  per  hour  which  have 
to  be  supplied  by  the  boiler  with  different  amounts 
of  bleeding. 

Curve  II  gives  the  B.t.u.  which  are  to  be  charged 
against  the  turbine,  in  other  words,  the  difference 
between  the  B.t.u.  supplied  and  the  B.t.u.  extracted. 

Curve  III  gives  the  heat  consumption  of  the  tur- 
bine in  B.t.u.  per  brake  horse  power  hour. 

Curve  IV  gives  the  total  B.t.u.  which  would  have 
to  be  supplied  by  the  boiler  if  a  straight  condensing 
turbine  were  used  with  live  steam  to  replace  the  bled 
steam  for  feed  heating  or  other  purposes. 

Curve  V  gives  the  difference  between  curves  IV 
and  I,  or  in  other  words,  the  saving  in  B.t.u.  accom- 
plished by  means  of  the  bleeder  turbine.  Assuming 
10,000  B.t.u.  are  obtained  from  each  pound  of  coal, 
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Heat  consumption  of  extraction  turbine  for  various  amounts  of  bled  steam 


this  can  also  be  used  to  express  the  saving  in  hundreds 
of  pounds  of  coal  for  different  amounts  of  bleeding. 

To  apply  these  curves  to  a  pumping  installation, 
assume  as  before  that  the  turbine-driven  centrifugal 
pump  requires  1600  brake  horse  power  and  that  it  is 
installed  in  connection  with  circulating,  air,  hot-well 
and  boiler  feed  pumps  requiring  a  total  of  30  brake 
horse  power  and  consuming  a  total  of  1200  lbs.  of 
steam  per  hour,  so  that  the  steam  consumption  when 
the  main  unit  is  running  as  a  straight  condensing 
turbine  is  10.4  X 1600  +1200  =  17,840  lbs.  of  steam  per 
hour.  If  the  pump  efficiency  is  80%,  the  water  h.p. 
is  1280  and  accordingly  the  duty  is  1980  X 1280  X 
10*  -17.840  =142  million  foot  pounds  per  1000  lbs.  of 
steam. 

Now  assume  that  the  condensate  is  returned  to  the 
boiler  as  feed  water  and  that  the  exhaust  steam  from 
the  auxiliaries  is  used  for  heating  the  feed  water.  The 
duty  expressed  in  foot  pounds  per  million  B.t.u.  is 
then 

1980xWHPxlO" 
^^^"(Q+A)  (H-T  +  32) 
in  which 

Q  =  total  steam  supplied  to  main  unit  in  pounds 
per  hour, 


A  =  total  steam  supplied  to  auxiliaries  in  pounds 

per  hour, 
H  =total  heat  in  B.t.u.  in  one  pound  of  steam  at 

throttle  pressure,  and 
T  =  temperature  of  condensate  leaving  feed-water 

heater. 
The  temperature  T  of  the  condensate  leaving  the 
feed-water  heater  is  obtained  from  the  equation — 


T 


Q't  +A  (r2  +t2) 


Q'+A 
in  which 

Q'  =  total  condensate  from  main  units, 
r2  =latent  heat  in  one  lb.  of  steam  at  exhaust 

pressure  of  auxiliaries, 
t2  =  temperature  of  liquid  corresponding  to  ex- 
haust pressure  of  auxiliaries,  and 
t  =  temperature  of  condensate  leaving  condenser 
(in  case  of  surface  condenser) 
Substituting   figures   from   the   example  just   as- 
^      ,  1980  X 1280  Xl0« 

sumed,  we  have  the  duty  =^^3^^  ^^^52 -156 +32) 

=  126,000,000  ft.  lbs.  per  million  B.t.u. 

This  duty  can  be  improved  by  raising  the  tempera- 
ture of  the  feed  water  by  means  of  steam  bled  from 
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the  turbine.  For  instance  if  1000  lbs.  of  steam  per 
hour  are  extracted,  17,150  lbs.  of  steam  will  have  to 
be  supplied  to  the  turbine  to  carry  a  load  of  1600 
b.h.p.  and  the  final  temperature  of  the  condensate 
will  then  be 


T  = 


16150x88+2200(887+218) 
16150+2200 


=  210°  F. 


and  the  duty 

1980  X 1280  X  lO'' 
18350(1252-210+32) 
million  B.t.u. 


=  128,500,000    ft.     lbs.    per 


Again  assume  that  the  auxiliaries  are  driven  from 
the  main  turbine  and  that  no  provisions  are  made  to 
heat  the  condensate.    The  duty  will  then  be 


1980x1280x10" 
1630x10.4(1252-56) 
million  B.t.u. 


=  125,000,000     ft.     lbs.     per 


If  the  condensate  is  heated  only  by  steam  bled 
from  the  turbine  and  assuming  that  2200  lbs.  of 
steam  are  extracted  at  2-lbs.  pressure,  18,100  lbs.  of 
steam  will  have  to  be  supplied  to  the  turbine  to  carry 
the  total  load  of  1630  b.h.p.  and  the  temperature  of 
the  condensate  will  be 

^  _  15900  x88  +2200  (887  +218) 

15900+2200  ~   ^'^    ^• 

and  the  duty  will  be 

1980x1280x10"  iincnnmnf      ^u 

18100(1252-211.5+32)=^^^'^^^'^^°  ft.   lbs.   per 

million  B.t.u, 

To  obtain  the  highest  possible  economy  the  auxil- 
iaries should  therefore  be  driven  directly  from  the 
main  unit  and  the  condensate  should  be  heated  by 
means  of  steam  extracted  from  some  intermediate 
stage  of  the  main  turbine.  If  more  extracted  steam 
than  is  required  to  heat  the  condensate  can  be 
applied  to  heating  buildings  or  manufacturing  pur- 
poses, the  duty  will  be  improved  still  more.  The 
duties  in  ft.  lbs.  per  million  B.t.u.  of  this  assumed 
pumping  unit  with  the  auxiliaries  operated  in  different 
ways  and  with  and  without  extraction  of  steam  from 
the  main  turbine,  and  for  different  temperatures  of 
the  condensate,  are  compared  in  the  following 
summary: 


Heat  in  condensate  lost  and  steam  from  auxiliaries  exhausted 
into  atmosphere. 

1980X1280X10" 


Duty  = 


(16640  +  1200)  X1252 


=  113,300,000  ft.  lbs. 


Heat  in  condensate  regained  but  auxiliaries  exhausting  into 
atmosphere.    Temperature  of  condensate  88°  F. 


Duty  = 


1980X1280X10" 


16640  (1252-56)  +  1200 X  1252 


118,100,000  ft.  lbs. 


Heat  in  condensate  regained  and  exhaust  from  auxiliaries  + 
steam  extracted  from  turbine  used  for  heating  condensate  to  a 
final  temperature  of  210°  F. 

Duty  (given  previously)  =  128,500,000  ft.  lbs. 


Heat  in  condensate  regained.    Auxiliaries  driven  from  main 
turbine.    No  provisions  for  heating  condensate. 

Duty  (given  previously)  =  125,000,000  ft.  lbs. 


Same  as  previous,  but  condensate  heated  by  means  of  steam 
bled  from  main  turbine  to  a  final  temperature  of  211.5°  F. 
Duty  (given  previously)  =  130,500,000  ft.  lbs. 


Heat  in   condensate  lost;    auxiliaries  exhausting  into  inter- 
mediate stage  of  main  turbine. 


Duty  = 


1980X1280X10" 
(16025 +1200)  X 125 


117,300,000  ft.  lbs. 


Same  as  above,  but  heat  in  condensate  regained 
1980X1280X10" 


Duty  = 


(16025+1200)  (1252-56) 


=  123,000,000  ft.  lbs. 


Heat  in  condensate  lost;  auxiliaries  operating  condensing, 
exhausting  into  main  condenser  and  requiring  20X30=600  lbs. 
of  steam  per  hour. 

„  1980X1280X10"        nyonnnmf.  IK 

Duty=,,^^^^  I  ^r>r.\N^iori  =117,200,000  ft.  lbs. 


(16640+600)  X 1252 


Same  as  above,  but  heat  in  condensate  regained. 
1980X1280X10" 


Duty= 


(16640+600)  (1252-56) 


=  122,900,000  ft.  lbs. 
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WATER  MEASUREMENTS 


MEASUREMENTS  OF  HEAD 

Determination  of  Total  Head — The  total  head 
against  which  a  pump  is  working  is  the  sum  of  the 
head  equivalent  to  the  discharge  pressure  and  the 
suction  lift,  as  determined  by  gages  placed  close  to 
the  discharge  flange  and  suction  flange  of  the  pump 
respectively.  If  there  is  pressure  on  the  suction  of 
the  pump,  the  total  head  is  the  difference  between 
discharge  head  and  the  head  on  the  suction.  All 
pressure  readings  should  be  corrected  to  a  common 
elevation,  which  usually  is  the  center  line  of  the 
pump  shaft.  (The  guaranteed  suction  lift  is  always 
based  upon  suction  lift  corrected  to  center  line  of 
pump.) 

It  is  important  that  the  gages  be  placed  one  to 
three  inches  from  the  flanges  of  the  pipes  connected 
to  the  suction  and  discharge  openings  of  the  pump. 
If  an  elbow  is  connected  to  the  pump,  the  gages  may 
be  placed  closer  to  the  flange,  in  order  to  have  the 
readings  taken  on  the  straight  portion  of  the  piping. 
It  should  particularly  be  borne  in  mind  not  to  place 
the  gages  so  that  any  fittings,  such  as  elbows,  tees, 
gate  valves  or  check  valves  come  between  the  pump 
and  gage  connection,  except  where  the  guarantees 
take  into  account  the  friction  in  such  fittings,  as,  for 
instance,  where  the  suction  reading  may  be  taken 
ahead  of  a  "water-works"  type  condenser. 

Suction  lifts  should  always  be  measured  by  means 
of  mercury  column.  If  the  pump  is  working  with 
pressure  on  the  suction  and  the  pressure  is  low,  a 
mercury  column  is  preferably  used,  and  similarly  also 
for  low  discharge  pressures. 

If  a  vacuum  gage  is  used  for  measuring  suction 
lifts,  it  should  always  be  calibrated  by  comparison 
with  a  mercury  column.  Pressure  gages  should  be 
calibrated  by  means  of  dead-weight  gage  testers. 

Confusion  sometimes  arises  regarding  corrections 
for  elevation,  and  the  following  examples  show  the 
proper  application  of  the  corrections. 

1.  Pumps  operating  with  suction  lift.    See  diagram 
in  second  column. 
a.  Reading  on  discharge  gage  above  center  line  of 
pump  25  lbs. 


ri0u/?Ei 


Corresponding  pressure  in  ft.  =2.309  x25  = 
57.7  ft. 

If  d  =18  in.  =1.5  ft.,  discharge  head  corrected 
to  center  line  of  pump  =57.7  +1.5  =59.2  ft, 

Reading  on  vacuum  gage  15  in. 

Corresponding  vacuum  in  ft.  of  water  = 


13.6 
12 


X  15  =  17  ft. 


If  S  =15  in.  =1.25  ft.  (S  =the  distance  from 
point  of  attachment  of  suction  gage  to  center  line 
of  pump),  the  suction  lift  corrected  to  center  line 
of  pump  is  17+1.25=18.25  ft.  and  the  total 
head  =59.2 +18.25  =77.45  ft. 

h.  If  discharge  gage  is  located  below  the  center  line 
of  the  pump  and  if  the  gage  reading  is,  say,  30  lbs., 
and  if  distance  di  from  center  line  of  gage  to  center 
line  of  pump  is  30  in,  =2.5  ft.,  the  discharge  head 
corrected  to  center  line  of  pump  is  30x2.309  — 
2.5  =  69.27  -  2.5  =  66.77  ft.  If  the  suction  lift  is 
the  same  as  before,  the  total  head  in  this  case 
would  be  66.77+18.25  =85.00  ft. 

It  should  be  remembered  that  when  measuring 
pressure,  if  the  gage  is  located  above  the  center  line, 
the  correction  is  to  be  added  to  the  gage  reading,  and 
if  below  the  center  line,  the  correction  is  to  be 
deducted  from  the  gage  reading,  in  order  to  obtain 
the  head  referred  to  the  center  line  of  the  pump. 
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Before  taking  the  reading,  it  is  important  to  expel 
the  air  from  the  gage  lines,  as  otherwise  incorrect 
readings  will  be  obtained. 

The  correction  for  suction  lift,  whether  measured 
by  mercury  column  or  spring  gage,  is  always  made 
from  point  of  attachment  of  suction  gage  piping  to 
center  line  of  pump,  it  of  course  being  understood 
that  the  gage  piping  contains  only  air.  If  the  gage 
connection  is  made  below  the  center  line,  as  shown 
on  p.  64,  the  correction  is  of  course  to  be  added  to 
obtain  the  suction  lift  referred  to  the  center  line  of 
the  pump;  if  above  the  center  line,  the  correction  is 
to  be  deducted. 

FISU/?£*2 


2.  Pump  operating  with  pressure  on  the  suction. 
See  diagram  above. 

For  discharge  pressure  the  same  as  under  (I) 
applies,  and  we  will  assume  having  the  same  readings. 

Suction  pressure  is  measured  either  by  mercury 
column  or  by  spring  gage.  If  the  reading  on  the 
mercury  column  is,  say,  10  in.,  the  pressure  in  ft.  is 

i|^xlO  =11.33    ft.,   and   if  8^=24   in.  =2   ft.   the 

pressure  referred  to  the  center  line  of  the  pump  is 
11.33  —2  =9.33  ft.  It  is  very  important  to  expel  the 
air  in  the  pressure  leg  of  the  mercury  column  before 
taking  the  readings.  The  corrections  for  the  spring 
gage  readings  on  the  suction  are  the  same  as  on  the 
discharge,  in  other  words.  Si  is  added  to  the  gage 
reading  and  S2  deducted  from  the  gage  reading  to 
obtain  the  pressure  referred  to  the  center  line  of  the 
pump. 

Thus  if  the  discharge  head,  referred  to  the  center 
line  of  the  pump,  is  59.2  ft.,  the  total  head  in  this  case 
would  be  59.2  -  9.33  =  49.87  ft. 

Velocity  Head — ^The  above  has  been  based  upon  the 
suction  and  discharge  gage  connections  being  made 
to  suction  and  discharge  pipes  of  the  same  size.    If 


this  is  not  the  case,  correction  has  to  be  made  for 
velocity  head.  If  the  suction  pipe  is  larger  than  the 
discharge  pipe,  the  difference  in  velocity  head  in  the 
two  pipes  is  to  be  added  to  the  total  head;  if  the 
suction  pipe  is  smaller  than  the  discharge  pipe,  the 
difference  in  velocity  head  must  be  deducted  from 
the  total  head. 

Velocity  head  h  =  y,  where  V  =  velocity  in  pipe  in 

ft.  per  second  and  g  =32.16  =  acceleration  due  to 
gravity  in  ft.  per  second  per  second. 


V  = 


m 


X  j^  =  .408  gi  where 


D  =  Diameter  of  pipe  in  in. 
Q  =Capacity  in  gal.  per  min. 

Exam-pie 

Capacity  Q  =2100  gal.  per  min. 
Diameter  suction  pipe  Di  =  10  in. 
Diameter  discharge  pipe  D2  =8  in. 
Velocity  in  suction  pipe  Vi  =8.6  ft.  per  sec. 
Velocity  in  discharge  pipe  V2  =13.4. 
Velocity  head  in  suction  pipe  hi  =1.14  ft. 
Velocity  head  in  discharge  pipe  ha  =2.8  ft. 
Thus  difference  in  velocity  heads 

ha -hi  =2.8 -1.14  =1.66  ft. 

which  in  this  case  should  be  added  to  the  total  head 
as  determined  by  the  gages.  (Suction  pipe  is  larger 
than  discharge  pipe.)  On  high-head  pumps  the 
difference  in  velocity  heads  does  not,  as  a  rule,  affect 
the  results  materially,  but  on  low-head  pumps  it  is 
very  important  to  take  this  into  account. 

MEASUREMENTS  OF  CAPACITY 

VENTURI  METER 

All  things  considered,  the  Venturi  meter  is  in  many 
ways  best  suited  for  measuring  the  flow  of  water 
through  pipes,  as  the  discharge  of  water-works 
pumps.  It  can  be  installed  permanently  as  part  of 
the  pipe  line.  The  large  differential  pressure  which 
it  gives  is  favorable  to  exact  measurement.  There 
are  now  on  the  market  a  number  of  machines  or 
instruments  for  indicating,  recording  and  integrating 
the  flow,  which  are  both  accurate  and  reliable. 
A  recording  device  supplied  by  the  Simplex  Valve  y 
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Meter  Co.  and  the  method  of  its  connection  to  the 
Venturi  tube  are  illustrated  above. 

A  Venturi  meter  is  a  short  constricted  passage 
joined  to  the  full  pipe  section  by  conical  converg- 
ing and  diverging  sections.  The  difference  between 
the  static  head  just  before  the  entrance  cone  and  the 
static  head  at  the  throat  is  the  quantity  directly 
observed. 

Certain  proportions  originally  adopted  by  Clemens 
Herschel  in  his  early  work  on  the  Venturi  meter  have 


become  more  or  less  standard  or  conventional, 
although  variations  therefrom  are  sometimes  made 
with  little  change  in  characteristics  or  efficiency. 
The  properties  of  any  new  form  of  tube,  however, 
should  be  carefully  checked  by  volumetric  or  weigh- 
ing tests.  Herschel's  "large"  tube  was  intended  for 
a  pipe  line  9  ft.  in  diameter,  which  was  the  diameter 
of  the  entrance  section  to  the  tube.  The  entrance 
section  was  connected  to  the  throat  section  by  a  cone 
having  an  apex  angle  of  21°.    The  junction  of  the 
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cone  with  the  throat  section  was  a  surface  formed  by 
the  revolution  of  a  circular  arc  tangent  to  elements  of 
the  cone  and  of  the  cylindrical  throat  portion.  The 
cylindrical  throat  piece  was  3  ft.  in  diameter  and  1  ft. 
in  length.  The  discharge  cone  was  of  5°  apex  angle 
and  was  likewise  joined  to  the  straight  throat  section 
by  a  surface  obtained  by  the  revolution  of  a  tangent 
circular  arc.  The  length  of  the  entrance  cone  was 
17.05  ft.,  of  the  straight  throat  section  1  ft.,  and  of 
the  discharge  cone  69.8  ft.,  giving  a  total  over-all 
length  of  87.89  ft. 

The  difference  between  pressures  at  the  main  and 
throat  piezometer  openings  varies  nearly  as  the 
square  of  the  rate  of  flow.  According  to  Bernoulli's 
theorem,  the  total  energy  per  lb.  of  water  at  the 
entrance   to   the   tube,   consisting   of  head   due   to 


A  convenient  formula  is 


and 


elevation  (Hm),  head  due  to   pressure  I  w  )> 
head  due  to  velocity  I     ^ —  J,  equals  the  total  head  at 
the  throat  of  the  tube  plus  the  friction  head.    Thus 


jj  r  m         V  m 


TT  Pt  Vt  f. 


f  being  the  head  lost  in  friction. 

If  D  is  the  diameter  at  entrance   and  d  is  the 

diameter  of  the  throat,  Vm  =  r^  Vt. 

With  the  tube  in   a  horizontal   position,  Hm  and 
Ht  are  the  same  and  cancel  out.    If  f  be  neglected, 

and  representing  the  Venturi  head — ;^ — in  ft.  of 

water  column  by  h,  the  equation  reduces  to 


or 


Vt  = 


1 


mr 


2gh 


The  actual  velocity  through  the  throat,  as  obtained 
by  volumetric  or  weight  tests,  nearly  always  differs 
slightly  from  the  quantity  indicated  by  this  formula. 

To  allow  for  this,  a  coefficient  C  is  introduced, 
thus 

Vt=C     ,         \     ..i2gh 


(sy 


Q  =  28,973  C 


D' 


^(°y- 


4 


where  Q  is  the  delivery  in  gallons  per  24  hours,  D  and 
d  being  expressed  in  inches  and  h  in  inches  of  mercury 
under  water. 

If  the  loss  in  head  by  friction  between  the  up- 
stream piezometer  openings  and  the  throat  piezom- 
eter openings  varied  exactly  as  the  square  of  the 
rate  of  flow,  it  would  cause  no  variation  of  C  in  the 
Venturi  formula  with  flow.  That  loss  of  head  due 
to  pipe  friction  does  not  increase  as  rapidly  as  the 
square  of  the  velocity,  however,  is  apparent  from  an 
inspection  of  the  tables  of  coefficients  used  with  the 
various  formulas  for  pipe  friction,  or  from  the  fact 
that  the  exponent  of  V  is  less  than  2  in  those 
formulas  having  constant  coefficients.  Conversely, 
the  velocity  increases  somewhat  more  rapidly  than 
the  square  root  of  the  difference  of  pressure  measured 
between  the  upstream  and  throat  openings.  In  other 
words,  the  value  of  C  increases,  within  narrow  limits, 
with  increase  of  velocity,  rapidly  at  first  and  then 
more  slowly.  For  the  usual  working  range  of  high 
ratio  Venturi  tubes,  C  is  ordinarily  assumed  to  be 
constant.  In  low  ratio  tubes  the  variation  is  material. 
In  a  large  tube  the  disturbing  effects  of  friction  are 
less  proportionately  than  in  a  small  tube,  as  there  is 
less  wall  surface  in  proportion  to  the  cross  section. 
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A.  H.  Gibson,  who  has  made  a  careful  analytical 
and  experimental  study  of  abnormal  Coefficients  of 
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Venturi  meters,  gives  in  the  chart  on  page  67  the 
values  of  the  coefficient  C  found  at  various  throat 
velocities  in  tests  on  a  number  of  meters.  Curves  a 
and  b  relate  to  the  108  x  36-in.  and  11.9  x  3.98-in. 
meters,  respectively,  tested  by  Herschel;  curve  c  to 
a  2.99  X  1.013-in.  meter  tested  by  Gibson;  d  to  a 
54  X  25.5-in.  meter  tested  by  Herschel;  e  to  a 
3.928  X  2-in.  meter  tested  by  Ledoux;  and  f  to  a 
1.627  X  0.379-in.  meter  tested  by  Coker.  Gibson 
does  not  state  how  the  checking  measurements  were 
made,  but  it  is  known  that  a,  b,  c,  d,  e  were  made 
volumetrically.  Gibson  considers  the  following 
causes  of  variation  of  C: 

(a)  Friction  between  the  entrance  and  the  throat. 
By  assuming  that  the  coefficient  of  friction  is  the 
same  as  in  a  straight  pipe  of  the  same  diameter  for 
each  element  of  the  entrance  cone  and  integrating, 
he  arrives  at  the  conclusion  that  in  a  meter  in  good 
order  and  of  normal  proportions  friction  does  not 
affect  the  value  of  C  by  more  than  about  2%,  so  long 
as  the  pipe  line  is  larger  than  2  in.  in  diameter,  and 
that  for  large  meters  at  pipe  velocities  exceeding  1  ft. 
per  sec.  it  is  in  general  less  than  1%,  increasing  with 
diminution  in  velocity. 

(b)  Pulsating  flow,  as  indicated  by  theory  and 
confirmed  approximately  by  experiment,  reduces  the 


value  of  C  in  the  ratio  of 


1 


\ 


1+; 


,  where  k  is  the  pro- 


portional fluctuation  of  velocity  above  and  below 
the  mean.  Except  in  metering  the  discharge  from  a 
reciprocating  pump,  this  effect  is  in  general  small. 

(c)  Whirl  in  the  water  entering  the  meter  increases 
the  pressure  at  the  throat  and  increases  C.  The 
insertion  of  a  helix  giving  one  revolution  in  four  pipe 
diameters  was  found  to  increase  C  by  about  1%. 

(d)  If  the  velocity  in  the  pipe  is  below  the  critical, 
so  that  there  is  stream  line  flow,  the  energy  at  the 
throat  is  greater  than  is  indicated  by  the  Bernoulli 

equation,  and  C  for  -v  =3  may  have  values  as  low  as 
d 

.707.  On  the  other  hand  sinuous  flow  in  the  pipe  may 

be  steadied  to  a  stream  line  flow  at  the  throat,  giving 

for  -J-  =  3  values  of  C  up  to  1.006. 

(e)  Where  a  circumferential  gap  is  used  at  the 
throat,  the  width  of  this  gap  has  a  variable  influence, 
especially  at  low  velocities. 


(f)  Accumulations  of  air  at  the  throat  may  cause 
abnormally  high  values  of  C  where  independent 
measuring  columns  are  used  at  entrance  and  at 
throat.  An  inverted  U-tube  manometer  is  recom- 
mended where  the  pressure  at  the  throat  is  expected 
to  be  less  than  atmospheric. 

Gibson  concludes  that  the  value  of  C  varies 
within  narrow  limits  so  long  as  the  pipe  velocity 
exceeds  1  ft.  per  sec,  usually  between  .96  and  slightly 
over  unity,  so  that  in  normal  meters  of  moderate  or 
large  size  .99  will  probably  be  correct  within  2%. 
Where  it  is  essential  that  the  records  should  be 
accurate,  the  meter  should  be  calibrated  for  pipe 
velocities  below  1  ft.  per  second. 

Allen  Hazen  states  that  for  such  large  tubes  as  are 
used  for  measuring  the  discharge  of  water-works 
pumps,  a  value  of  C  between  .98  and  .99  may  be 
safely  assumed,  in  the  absence  of  accurate  checking 
tests,  which  are  difficult  and  expensive  to  make  upon 
large    tubes. 

In  a  communication  to  the  Power  Test  Committee 
of  the  American  Society  of  Mechanical  Engineers, 
Clemens  Herschel  quotes  the  following  values  of  C 
obtained  in  tests  on  large  tubes. 


Vt  in  ft.  per  sec. 

5 

10 

20 

30 

40 

50 

60 

Tank  Test  by  Hers- 
chel on  1  ft.  X  .33 
ft.  Venturi 

.940 

.987 

.995 

.999 

1.00 

Tank  Test  at  Cornell 
on   1   ft.   X   .5   ft. 
Venturi 

.984 

.987 

.991 

.987 

.983 

Tank  Test  at  Cornell 
on  1  ft.  X  .33  ft. 
Venturi 

.989 

.985 

.987 

.990 

.993 

.989 

1.00 

Tank  Test  at  Cornell 
on  1  ft.  X  .43  ft. 
Venturi 

.983 

.990 

.997 

1.00 

.996 

Several  tests  on  large  Venturis  by  means  of  weirs 
are  extant,  but  in  view  of  the  recognized  difficulties 
in  making  accurate  weir  measurements,  they  are  not 
so  trustworthy  as  careful  tank  or  weighing  tests. 

/.  W.  Ledoux  offers  the  following  observations  on 
the  coefficients  of  Venturi  tubes: 

"From  the  results  of  all  the  tests  which  have  been 
made  to  which  I  have  had  access,  it  can  be  stated 
that  when  the  Venturi  tube  is  designed  according  to 
standard    practice,    and    the   velocity   through    the 


nriiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii iiiiniiiiiiii iiir ii i mil iiiiiiiiiii iiiiiiiiiiiiiiii iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii i iiiiiiiiiii ii mi mil ii mil imimmiimiimiimmin 


jjiiiiiiiiiiii niriinniniiunniiiiiiiiiiiimiiiiiiiiiiHiiiuimiimiiiniMiiiiimiinMiiiiimiiiiiiiiiiiiiiiiiiiiiiiiiMiiimmiiiiimMiiiiiiiiiiMiiiimniiiiiiiiiniiiiiiiiiiiHiiiiimMiiiiiiiH 

I  E  N  G  I  N  E  E  R  I  N  G     D  A  T  A  69      I 

i        iiiiiiiiiiiii iiniiMnnMiHiiiniHMiiMuiiniiniiiiinniniiuiunnininiHniniuiniiiiiunMiiiiiiMiMniiiiiinitiiiiiiiniiiiiiiiiiiiiiHiiiiniiiiiiiiitiiiHiiniiiiMiiiniiininiiiiMiiiHiiiiiiiiiniinniiiiiiiiiiiiiiiii^  r 


throat  is  not  less  than  6  ft.  per  sec,  the  Venturi  tube 
coefficient  ranges  between  .97  and  1.00,  and  nearly 
every  tube  that  is  tested  gives  somewhat  different 
results. 

"It  is  not  certain  that  the  coefficient  is  affected 
materially  by  the  ratio  of  the  inlet  to  the  throat  area 
so  long  as  the  angle  of  convergence  remains  the  same, 
but  a  very  slight  local  defect  may  alter  the  coefficient 
materially.  As  an  average  figure  I  should  recommend 
the  use  of  .98. 

"It  has  been  thought  that  the  coefficient  is  greater 
for  large  tubes  than  for  small  ones.  The  writer  is  not 
certain  that  this  is  true. 

"It  is  also  believed  that  the  coefficient  increases  as 
the  velocity  increases.  The  writer  is  fully  convinced 
that  this  is  true. 

"There  is  one  law,  however,  about  which  there  is 
no  doubt;  when  the  velocity  falls  below  3  ft.  per 
sec.  through  the  throat,  the  coefficient  decreases 
materially.  The  following  figures  may  be  taken  as 
typical  for  Venturi  tubes. 


Throat  Velocity 

Venturi  Coefficients 

.4 

.91 

.8 

.93 

2.0 

.95 

3.2 

.96 

4.0 

.965 

6.0 

.97 

8.0 

.973 

30.0 

.98 

"The  following  are  tests  of  three  Venturi  tubes 
made  at  the  Hydraulic  Laboratory  of  the  University 
of  Pennsylvania  in  1912. 


Maker  of  Tube 

Dins. 

d  ins. 

Throat 
vel.  ft.  sec. 

Coeffi- 
cient 

Simplex  Valve  &  Meter  Co. 

16 

8 

0.80 
2.40 
4-00 
8.00 
10.40 

.935 
.950 
.960 
.972 
.973 

Simplex  Valve  &  Meter  Co. 

7.949 

3.813 

0.65 
1.17 
2.47 
4.43 
16.50 
35.60 

.91 

.957 

.972 

.977 

.982 

.990 

Builders'  Iron  Foundry 

3.928 

2.00 

0.65 

1.24 

4.25 

6.95 

13.90 

23.20 

38.00 

.915 
.946 
.965 
.970 
.970 
.973 
.977 

"In  all  these  results  the  water  discharging  through 
the  Venturi  tube  was  weighed  and  the  Venturi  head 
measured  in  various  ways  checked  against  each  other 
for  the  low  velocities,  air  and  water  manometer, 
tetrachloride  of  carbon  manometer  and  oil  manom- 
eter, and  none  of  these  was  as  reliable  as  the  hook 
gage,  which  was  used  and  gave  the  best  results  for 
the  low  velocities.  For  the  high  velocities  the  mercury 
manometer  was  used.  It  was  found  that  the  air 
manometer  for  low  flows  was  better  than  either  the 
tetrachloride  of  carbon  or  the  oil,  on  account  of  the 
erratic  action  of  the  tetrachloride  or  oil  in  not  always 
producing  a  reliable  meniscus." 

Certain  precautions  are  necessary  in  the  use  of 
Venturi  tubes: 

The  taps  at  the  main  and  throat  chambers  should 
point  horizontally  from  the  side  of  the  tube,  so  that 
the  air  blow-off  cocks  may  be  on  top.  For  connecting 
the  tube  to  the  indicating  or  registering  instrument, 
^-in.  pipe  is  used  up  to  70  ft.,  1-in.  pipe  from  70  to 
125  ft.,  and  l:^-in.  pipe  for  125  to  200  ft. 

The  connections  between  the  Venturi  tube  and  the 
measuring  device  should  slope  uniformly  in  one 
direction  throughout,  that  is,  should  contain  no  air 
pockets.  It  is  also  wise  to  provide  cut-off  valves  and 
pet  cocks  on  each  side  at  the  Venturi  tube,  also 
cut-off  valves,  a  by-pass  connection  containing  a 
valve,  and  pet  cocks  at  the  measuring  instrument. 
This  permits  of  forcing  water  in  either  direction 
through  the  tube  for  the  purpose  of  dislodging  air 
bubbles  or  sediment;  it  also  makes  it  possible  to 
discover  leaks  in  the  pressure  pipe.  With  the  by-pass 
closed  one  of  the  cut-off  valves  at  the  tube  can  be 
closed.  If  the  indicating  instrument  moves  in  the 
direction  of  that  side,  a  leak  in  the  pressure  pipe 
upon  that  side  is  indicated. 

As  Venturi  tubes  are  sensitive  to  turbulence  or 
commotion  in  the  water,  which  tends  to  make  them 
read  high,  G.  S.  Williams  recommends  that  the 
water  should  reach  the  Venturi  tube  through  100 
diameters  of  straight  pipe,  or  at  least  50  diameters. 
The  manufacturers  of  such  tubes  do  not  call  for  so 
long  straight  runs  of  approach  pipe,  the  Simplex 
Valve  y  Meter  Co.,  recommending  4  diameters  for 
sizes  up  to  20  ins.,  and  12  ft.  for  larger  sizes,  while 
the  Builders^  Iron  Foundry  recommends  6  diameters 
for  sizes  up  to  24  ins.,  and  12  ft.  above  that. 

W.  Gore  points  out  that  there  is  an  error,  with 
rapidly  fluctuating  flows,  in  the  action  of  integrators 
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of  the  type  In  which  a  friction  wheel  connected  to  a 
counting  train  receives  motion  from  a  clock-driven 
disk.  This  error  is  opposite  in  sign  to  the  mano- 
meter error  caused  by  fluctuating  flow.  That  is, 
integrators  tend  to  read  low  on  lively  lines.  This 
error  increases  with  the  frequency  and  amplitude  of 
the  pulsations. 

Where  the  Venturi  tube  must  unavoidably  be 
placed  near  to  a  valve,  elbow  or  other  special  fitting, 
the  Simplex  Valve  iff  Meter  Co.  recommends  inserting 
in  the  pipe  ahead  of  the  tube  a  cross  made  by  riveting 
together  two  sheets  of  sheet  iron,  i^  to  3^^  in.  thick, 
and  then  bending  out  the  edges  so  that  they  form  a 
pair  of  intersecting  vanes  dividing  the  pipe  cross 
section  into  four  equal  sectors.  This  structure  is 
placed  in  the  pipe  a  foot  or  two  ahead  of  the  tube. 

The  throat  piece  should  be  made  of  a  non-corrodi- 
ble  material  having  a  smoothness  equal  to  that  of 
ordinary  lathe-finished  brass  work.  The  piezometer 
opening  orifices  should  be  carefully  made  normal  to 
and  flush  with  a  surface  parallel  to  the  axis  of  the 
current. 

Scale  and  tubercles  in  the  outlet  cone  have  no 
influence  on  accuracy.  Scale  in  the  inlet  does  not 
seriously  affect  the  accuracy  unless  so  located  as  to 
cause  excessive  eddy  currents  at  the  inlet  pressure- 
chamber  vents.  Scale  in  the  throat  causes  an  error 
almost  proportional  to  the  reduction  in  area. 

The  Venturi  must  be  set  at  a  point  where  the  pres- 
sure head  plus  atmospheric  pressure  is  greater  than 
the  maximum  differential  pressure  to  be  measured 
plus  the  pressure  corresponding  to  the  vapor  tension 
of  the  water.  For  a  standard  installation  the 
Builders'  Iron  Foundry  recommends  that  tubes  and 
instrument  be  set  at  a  point  where  the  working 
pressure  is  at  least  12  lbs.  per  sq.  in.  The  manu- 
facturers of  the  Simplex  meter,  using  a  low  ratio 
tube  in  cold  water  service,  require  12-ft.  head  of 
water  above  the  meter  platform. 

To  correct  for  changes  in  density  when  using  the 
scale  of  an  indicating  or  recording  instrument, 
divide  by  the  square  root  of  the  specific  gravity  if  the 
readings  of  the  scale  are  volumetric;  multiply  by  the 
square  root  of  the  specific  gravity  if  the  readings  of 
the  scale  are  gravimetric,  the  specific  gravity  for 
which  the  instrument  is  graduated  being  taken  as 
unity.  Expansion  of  the  throat  by  temperature  has 
no  appreciable  influence. 

Great  care  is  necessary  in  making  checking  tests 
of  flow  meters  and  errors  are  apt  to  be  introduced 


both  by  inaccurate  measuring  means  and  by  the 
personal  equation.  The  latter  can  be  eliminated,  or 
at  least  detected,  by  interchanging  the  men  perform- 
ing various  operations,  such  as  signaling,  diverting 
the  water,  etc. 

The  over-all  loss  of  head  in  large  Venturi  tubes  is 
stated  by  the  Simplex  Valve  y  Meter  Co.  to  be  in 
the  neighborhood  of  .003  Vt'"  ft.  of  water,  Vt  being 
the  throat  velocity  in  feet  per  second. 

ORIFICES  AND  NOZZLES 

Thin-plate  orifices  and  nozzles  set  in  a  flat  wall 
and  discharging  into  free  air  and,  to  a  lesser  degree, 
orifices  or  nozzles  in  pipes,  offer  accurate  and  reliable 
means  for  measuring  water,  providing  the  particular 
form  of  nozzle  or  orifice  to  be  employed  has  previ- 
ously been  calibrated  under  similar  conditions  of 
size,  location,  velocity  and  method  of  measuring  the 
head.  The  chief  obstacle  to  the  use  of  orifices  and 
nozzles  as  standards  of  measurement  is  found  in 
the  fact  that  the  forms  of  nozzle  or  orifice  and  the 
testing  arrangements  of  different  investigators  have 
differed  so  much. 

Thin-plate  orifices  discharging  into  free  air  may 
be  placed  either  horizontally  or  vertically  and  may 
be  circular,  square,  rectangular  or  of  other  shape. 
Nozzles  attached  to  flat  plates  may  be  conical  or 
may  approximate  the  contour  of  the  vena  contracta. 

Submerged  thin-plate  orifices  and  nozzles  have  the 
advantage  that  the  head  acting  upon  all  elements  of 
the  opening  is  the  same  regardless  of  the  position  of 
the  latter.  Thin-plate  orifices  or  nozzles  in  pipes 
have  the  same  advantage,  but  the  velocity  of 
approach  must  be  taken  into  account  if  the  area  of 
the  orifice  approaches  that  of  the  pipe,  and  there  are 
peculiar  difficulties  in  making  reliable  measurements 
of  head. 

Thin-plate  Orifices  with  Free  Discharge — As  pointed 
out  by  A.  A.  Barnes,  the  velocity  of  approach  to 
orifices  should  be  negligible,  the  sides  of  the  well 
being  at  least  3  diameters  away  from  the  edge  of  the 
orifice,  and  internally  projecting  surfaces  should  be 
avoided. 

Coefficients  for  horizontal  orifices  have  been  de- 
termined in  only  a  few  instances  and  Hughes  and 
Safford  hold  that  the  head  should  be  measured  to  the 
"center"  of  the  vena  contracta  rather  than  to  the 
plane  of  the  orifice.  In  the  following  we  limit  our- 
selves to  vertical  orifices. 


iiiiiiiniiniiiiMMMiMiiiiiiMiiniiiiiiiiiiMiiniiiiiiiiiiiiiMiiiiiniiiiiiiiiiiiiiiiMiiMiiMiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiMiiniiniiiiiiiiMiiiiiiiiiniiii^ 


SiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiMiiiiiiiiiiiiiiiiiiHiniiiiiiitiniiiiiiiiiiiiiiiMiiiiiiiiiiiiiiiiii 


ENGINEERING    DATA 


71 


iiiiiiiiiiniiiMiMiiiiiiiiiii I iiiiiiniriitiiiiiiiiiiiiiiiiiiiiiiiinnitiiiiiiiiiiiHii iiiiiiiiiiiMiiiiitiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiHiiiiiMiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii iiiiii iiiiiiiiiiiiiitiiiiiiiiiiiMtitMiiiniiiiiiiiiiiiii iiiiiiiiiiiiiiiiiiiiiiiiiiiiii iiii 


Hughes  and  Safford  offer  for  vertical  orifices  the 
formula 


Q  =  C.r^^2ghe  (1- 


32h^e 


5r^  . 

1024  hV  ^^'''■' 


where  O  is  the  coefficient  of  discharge,  he  is  the  head 
to  the  center  of  the  orifice  and  r  is  the  radius  of  the 
orifice.  The  value  of  the  series  within  the  brackets 
is  given  for  various  ratios  of  head  to  diameter  in  the 
following  table: 


he 

he 

2r 

Series 

2r 

Series 

0.5 

0.960 

1.2 

.994 

0.6 

0.975 

1.4 

.996 

0.7 

0.982 

1.6 

.997 

0.8 

0.987 

2.0 

.998 

0.9 

0.990 

3.0 

.999 

1.0 

0.992 

10.0 

1.000 

Errors  in  making  measurements  by  orifices  occur 
as  frequently  in  the  determination  of  areas  as  in  the 
measurement  of  heads  or  the  assuming  of  wrong 
coefficients. 

Hughes  and  Safford  state  that  every  orifice  has  a 
critical  head,  above  which  the  coefficient  of  discharge 
is  nearly  constant,  but  below  which  the  coefficient 
increases  down  to  heads  too  low  for  complete  con- 
traction, after  which  the  coefficient  decreases  as  the 
head  decreases.  The  final  decrease  may  be  explained 
with  small  orifices  as  being  due  to  the  effect  of  surface 
tension  in  increasing  the  pressure  in  the  interior  of 
the  jet.  The  experiments  of  Judd  and  King  and  of 
H.  J.  Bilton  also  show  that  a  critical  head  exists  for 
each  diameter,  above  which  no  further  alteration 
occurs  in  the  coefficient,  and  that  the  critical  head  is 
less  than  18  in.  for  all  diameters  from  ^  in.  up. 
Bilton  found  the  following  relations  between  diam- 
eters, coefficients  and  critical  heads: 


Diameter,  feet  . 

Coefficient 

Critical  Head,  feet 

.0125 

.631 

5.42 

.0167 

.630 

4.58 

.0208 

.628 

3.75 

.0250 

.627 

2.67 

.0333 

.624 

2.08 

.0417 

.621 

1.87 

.0500 

.618 

1.67 

.0625 

.613 

1.50 

In  the  following  table  of  discharge  coefficients,  also 
from  Bilton,  the  critical  heads  are  underlined. 


Diameter  in  Inches 

h 
in. 

2K 
and 
over 

2 

\y2 

1 

H       'A 

% 

45  and  over 

0.598 
'.598 

0.599 
'.599 

0.603 
'.603 

0 

608 
608 

0.613  0.621 
....      .621 

0.628 

22 

.637 

18 

•613      .623 

.643 

17 

.614  .625 
.618  i  .630 
.623  .637 
.632  !  .643 
.646  .657 
....      .663 

.645 

12 
9 
6 

3 
2 

.600 
.604 
.610 

.601 
.606 
.612 

.606 
.612 
.618 

612 
619 
626 
640 

.653 
.660 
.669 
.680 
.683 

Other  values  of  the  coefficients  of  discharge  for 
small  thin-plate  orifices  are  given  in  the  diagram  at 
the  top  of  p.  72.  The  frequently  quoted  values  by 
Hamilton  Smith,  based  on  experiments  by  himself, 
Lesbros  and  Poncelet  and  Leshros,  which  show  a 
decreasing  coefficient  of  discharge  up  to  100-ft.  head 
are  presented  in  the  curves  at  the  bottom  of  p.  72. 

F.  W.  Greve  made  careful  tests  on  1-  and  1.5 -in. 
vertical  circular  orifices  with  ^-in.  edge  at  heads 
varying  from  47  to  231  ft.  and  obtained  .598  as  the 
mean  constant  value  of  the  coefficient  of  discharge 
for  both  sizes.  The  temperature  of  the  water  varied 
from  57°  to  61°  F. 

Very  careful  measurements  by  T.  P.  Strickland,  in 
which  the  total  cumulative  error  from  measurements 
of  quantity,  area  of  orifice,  head  and  time  was  esti- 
mated not  to  exceed  0.074%,'gave  the  following  values 
of  the  coefficient  of  discharge  for  1-  and  2-in.  orifices: 


Coefficient  of  Discharge 

Head,  feet 

1  in.  Diameter 

2  in.  Diameter 

1 

.6031 

2 

.5999 

3 

.5985 

4 

.5978 

5 

.66i6 

.5970 

7 

.5999 

.5962 

9 

.5993 

.5957 

11 

.5987 

.5949 

13 

.5985 

.5948 

15 

.5981 

.5948 

17 

.5976 

.5948 

19 

.5975 

.5947 

Generalizing  from  these  experiments  he  obtains 
the  following  formula  for  the  coefficient  of  discharge: 

k 


C=m  + 


h^d^ 


in  which  m  has  an  average  value  of  .5925,  increasing 
slightly  with  the  diameter,  k  is  the  value  .018  and  h  is 
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.614 


.612 


.610 


.608 


jS06 


.604 


.602 


O  .600 


.598 


.596 
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Head    in    Feet 
Coefficients  for  small  circular  thin-plate  orifices  as  given  by  several  experimenters. 


100 


30  40  50  60 

Head   to  Center,  Feet 

Hamilton  Smith's  values  of  the  coefficient  of  circular  thin-plate  orifices. 
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Influence  of  velocity  and  diameter  on  coefficient  of  discharge  of  thin-plate  orifices. 


the  head  in  feet  and  d  the  diameter  of  the  orifice  in 
inches.  From  Mair's  experiments,  Unzvin  deduced  or 
the  value  of  the  coefficient  of  discharge  the  formula: 


C  =  0.6075  + 


0.0098 


-0.0037  d, 


the  symbols  being  the  same  as  just  given.  Mairs 
results  relate  to  heads  above  the  critical  heads  and 
the  Unzvin  formula  apparently  would  be  in  error  at 
low-heads. 

E.  Buckingham  has  pointed  out  that  the  value  of 
C,  the  coefficient  of  discharge  in  the  formula 

V=Cl'2~ih 

is  a  function  of  the  velocity,  the  linear  dimensions  of 
the  passage,  the  density  of  the  fluid  and  the  viscosity 
of  the  fluid,  and  in  geometrically  similar  structures 
the  values  of  C  should  be  equal  for  conditions 
giving  equal  values  of 

Vdy 


in  which  V  is  the  velocity,  d  a  linear  dimension,  as 
the  diameter  of  a  pipe  or  orifice,  7  the  density  and 
/"  the  coefficient  of  viscosity.  /"  for  water  is  6  times 
less  at  212°  F.  than  at  32°  F.,  and  unfortunately 
most  experimenters  on  flow  through  orifices  have 
omitted  to  publish  the  temperature  of  the  water  used. 
However,  if  it  be  assumed  that  the  results  quoted  in 
the  foregoing  paragraphs  were  obtained  with  water 
at  nearly  the  same  temperatures,  both  7  and  /'  can 
be  neglected  and  C  should  be  a  function  of  V  and  d 
alone.  W.  J.  Crozvell  has  plotted  the  results  of 
Bilton  on  ^-,  ^-,  ^-,  1-,  Xyi-,  2-  and  2^-in.  orifices; 
those  of  ^of^yon  yi-m.  orifices  and  those  oi  Strickland 
on  1-  and  2-in.  orifices  as  above,  where  the  ordi- 
nates  are  coefficients  of  discharge  and  the  abscissae 
are  Vd  in  the  equivalent  form  h^  d,  h  being  head 
in  feet  and  d  diameter  of  orifice  in  inches.  Hamilton 
Smith's  results  for  circular  orifices  of  diameters 
ranging  from  )4  in-  to  12  ins.  are  given  on  p.  74.  From 
the  above  chart  it  would  appear  possible  that  there 
is  a  critical  region  between  values  0.5  and  3  of  h'-'  d 
in  which  values  of  C  for  individual  orifices  cease 
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("h"  in  feeVd"'m  inches) 
6  7  £ 


Free  discharge  of  water  through 
vertical  thin-plate  (circular^orifices 

Coefficients  of  Hamilton  Smi-th  ploffed  against 

hid  for  orifices  of  the  following  sizes 
.24,  .36,   48,  .60,  34,   1.2,  1.44,  1.80,  2.40,  4.80. 
7.20,  3.6,    12.0.  ins.  diameter. 
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Influence  of  velocity  and  diameter  upon  coefficient  of  discharge  of  thin-plate  orifices  as  given  by  H.  Smith 
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to  vary  and  become  constant  for  higher  values  of 
h^d.  There  is  an  appearance  of  this  in  all  of 
Biltons  results.  Buckingham  found  a  similar  critical 
region  in  comparing  the  results  of  Saph  and  Schoder 
on  the  flow  of  water  and  o(  Stanton  and  Pannell  on  the 
flow  of  both  water  and  air  through  seamless  drawn- 
brass  pipe  of  various  diameters.  Stanton  and  Morrow 
in  tests  on  2-  and  3-in.  pipes  found  that  if  the  prod- 
ucts of  center  velocity  and  radius  in  two  pipes  are 
equal,  the  velocities  at  other  points  in  one  pipe  will 
bear  the  same  ratio  to  the  center  velocity  as  do  the 
velocities  at  similar  points  in  the  other  pipe  to  its 
center  velocity;  in  other  words,  the  same  curve  of 
velocity  distribution  from  center  to  wall  is  found 
in  the  two  pipes.  This  would  obviously  imply  equal 
coefficients  of  discharge  C  in  the  formula: 

Q  =  CA  i/2ih 
wherein  A  is  the  area  of  cross-section  and  h  is  loss  of 
head. 

For  all  circular  orifices  between  ^  in.  and  12  ins. 
in  diameter  and  for  heads  greater  than  1.5  ft.,  also 
for  diameters  down  to  %  in.  with  heads  over  3^  ft., 
A.  A.  Barnes  off"ers  the  formula: 

Q  =  3.73  D"**^  h^ 
in  which  Q  is  the  discharge  in  cu.  ft.  per  sec,  D  the 
diameter  of  the  orifice  in  ft.  and  h  the  head  over  the 
center  in  ft. 

For  rectangular  orifices  J.  T.  Fanning  gives  the 
values  for  the  coefficient  of  discharge  shown  in  the 
chart  at  the  top  of  page  75.  Diff"erent  forms  of 
orifice,  each   having   the    area   0.196    sq.   in.,  were 


found  by  H.  T.  Bovey  to  have  the  coefficients  of 
discharge  given  at  the  bottom  of  the  same  page. 
H.  Smith's  coefficients  for  vertical  square  orifices  are 
as  follows:  1  ft.  side  .602  at  2  ft.  head  to  .600  at  20 
ft.;  .8  ft.  side  .602  at  2  ft.  head  to  .601  at  20  ft.;  .6 
ft.  side  .604  at  2  ft.  to  .601  at  20  ft.;  .4  ft.  side  .605 
at  2  ft.  to  .601  at  20  ft.;  .2  ft.  side  .605a  t  2  ft.  to 
.602  at  20  ft.;  .15  ft.  side  .606  at  2  ft.  to  .602  at  .20  ft. 

G.  Kirchoff  has  shown  by  hydrodynamical  reason- 
ing that  the  coefficient  of  contraction  for  a  long  sharp- 
edged  opening  bounded  by  parallel  straight  lines  in  a 
flat  wall  is  .611  for  an  ideal,  frictionless  fluid. 

Hughes  and  Saford  state  that  the  coefficients  of 
discharge  of  submerged  orifices  are  slightly  less  than 
those  of  orifices  of  similar  size  and  form  with  free  dis- 
charge. They  quote  Francis  as  saying  that  the  diff^er- 
ence  may  be  as  much  as  3%  at  low  heads,  but  add 
that  for  orifices  of  more  than  1  sq.  ft.  area  and  with 
heads  greater  than  3  times  the  least  dimension,  avail- 
able coefficients  indicate  that  no  correction  is  neces- 
sary. 

Fred  B.  Seely  made  careful  experiments  on  sub- 
merged sharp-edged  orifices,  including  circular 
orifices  of  1  to  6  ins.  diameter,  square  orifices  of  ]/2 
to  5)4  ins.  side  and  rectangular  orifices  6  ins.  by 
>^  to  2  ins.,  at  velocities  of  >^  to  4  ft.  per  second. 
In  each  instance  the  orifice  was  formed  in  a  cast-iron 
plate  ^2  in.  thick,  a  sharp  edge  being  formed  by  bev- 
elling at  45°.  At  small  flows  the  water  was  measured 
by  weighing  and  at  larger  flows  volumetrically.  Heads 
were  measured  in  still  basins  by  hook  gages  reading 
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directly  to  .001  ft.  and  by  estimation  to  .0005  ft. 
Heads  above  0.3  ft.  were  usually  measured  by  two 
piezometer  glasses  reading  to  0.001  ft.  The  head 
was  determined  by  from  2  to  10  readings,  depending 
upon  turbulence,  and  each  experiment  was  repeated 
from  3  to  10  times.  It  was  found  that  for  any  given 
orifice  the  coefficient  of  discharge  C  in  the  formula: 


Q  =  CA  i/2gh, 

A  being  the  area  of  the  orifice  and  h  the  head,  was 
constant  from  ^  to  4  or  5  ft.  per  second  velocity, 
variations  in  the  value  of  C  of  .015  above  and  below 
the  constant  occurring  below  1.2  ft.  per  sec.  The 
values  of  C  for  different  orifices  are  presented  below: 


Kind  of  Orifice 

Size 

C 

Circular 

' 

1  in.  diameter* 

2  in.  diameter 
4  in.  diameter 
6  in.  diameter 

14.  in.  square 

1  in.  square 

2  in.  square 
4      in.  square 
Syi  in.  square 

^  in.  X  6  in. 
1      in.  X  6  in. 
,2      in.  X  6  in. 

.635 
.615 

Square 

.600 
.600 
.620 
.610 

Rectangular 

.610 
.605 
.600 

.635 
.635 
.635 

*  The  diametei  of  the  1  in.  circular  orifice  is  nominal. 


Results   obtained    by   other   experimenters   upon 
submerged  orifices  follow: 


CIRCULAR 

ORIFICES 

Diameter, 

Head,  feet 

C 

Diameter, 

Head,  feet 

c 

in. 

in. 

Francis 

Ellis 

I  .22 

1.024 

.592 

12.0 

2.60 

.607 

1-324 

.592 

4-71 

■590 

1.490 

.592 

6.4I 

.606 

1.499 

■593 

8.10 

■599 

1-514 

•591 

8.80 

.600 

R.  Smith,  Jr. 

12.09 

.600 

0.6 

0.437 

.6183 

14.25 

.601 

2.16 

.6041 

16.29 

.602 

4.08 

.6016 

18.66 

-599 

H.  Smith,  Jr. 

Balch 

I  .2 

0.250 

.6048 

12.0 

0.145 

.5909 

0.648 

.6027 

.469 

.5902 

0.985 

.6025 

/ 

.851 

.5912 

1. 51 

.6006 

1.254 

.5992 

1. 51 

.6006 

1 .612 

.5921 

2.00 

.6006 

2.012 

-5924 

2-58 

•5997 

2.421 

-5952 

2.99 

.5989 

2.949 

.5967 

3-57 

.5987 

3-410 

.6006 

3-97 

.5992 

4.015 

.6054 

SQUARE  ORIFICES 

Dimen- 

Head, feet 

c 

Dimen- 

Head, feet 

C 

sions,  in. 

sions,  m. 

H.  Smith,  Jr. 

Balch 

0.6  X  0.6 

0-35 

.6201 

12  X  12 

0.363 

.5940 

2.21 

.6092 

.750 

.5940 

4.05 

.6068 

.771 

-5932 

//.  Smith,  Jr. 

.826 

.5982 

1.2  X  1.2 

0.207 

.6117 

.905 

-5950 

0.410 

.6091 

I -134 

.5960 

0.771 

.6053 

I-371 

•5970 

1.52 

.6055 

I-37I 

•  5970 

2.32 

.6040 

2.097 

.6056 

3-II 

.6052 

2.636 

.6105 

395 

.6048 

2.636 

.6105 

Ellis 

3.220 
3.975 

.6095 
.6148 

12  X   12 

2.32 

.600 

392 

.602 

Stewart 

7^99 

.606 

48  X48 

.05 

.626 

11.58 

.605 

3.72  m. 

.10 

.608 

14-31 

.611 

thick 

•15 

.605 

16.22 

.606 

.20 

.605 

18.45 

.606 

•25 
-30 

H.  Smith,  Jr. 

.606 
.610 

0.6  X  2,-(> 

0.614 
1-63 

2-77 

.6219 

.6207 
.6188 

In  the  Francis  tests  the  discharge  was  measured 
by  means  of  a  weir,  upon  which  the  head  was  small. 

The  discharge  of  air  through  circular  orifices  in 
iron  plates  .057  in.  thick  was  measured  with  great 
refinement  by  R.  J.  Durley,  who  obtained  the  follow- 
ing coefficients  of  discharge: 


Diam. 

l-in. 

2-in. 

3-in. 

4-in. 

5-in. 

Orifice 

Water 

Water 

Water 

Water 

Water 

Ins. 

Col. 

Col. 

Col. 

Col. 

Col. 

^ 

.603 

.606 

.610 

.613 

.616 

'A 

.602 

.605 

.608 

.610 

.613 

1 

.601 

.603 

.605 

.606 

.607 

I'A 

.601 

.601 

.602 

.603 

.603 

2 

.600 

.600 

.600 

.600 

.600 

2y2 

.599 

.599 

.599 

.598 

.598 

3 

.599 

.598 

.597 

.596 

.596 

^'A 

.599 

.597 

.596 

.595 

.594 

4 

.598 

.597 

.595 

.594 

.593 

^A 

.598 

.596 

.594 

.593 

.592 

For  accuracy  it  was  found  necessary  that  the  area 
of  the  approach  channel  be  at  least  20  times  the  area 
of  the  orifice,  or  larger  for  large  orifices.  It  should 
be  borne  in  mind  that  1  in.  water  column  is  equivalent 
to  a  head  of  about  70  ft.  of  air  at  50°  F.  and  30  ins. 
barometer,  corresponding  to  a  velocity  of  about  66 
ft.  per  second. 
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Nozzles — ^The  coefficient  of  discharge  of  a  conical  nozzle  depends  upon  the  angle  of  convergence.     The 
following  figures  are  due  to  Castel: 


Angle  of  Convergence 0°1' 

C 829 

Angle  of  Convergence ....  14°28' 
C 941 

Angle 2°50' 

C 910 


Diam.  Mouth  Piece  =  .61  in.     Length  =  .131  ft, 
1°36'  3°10'  5°26'  7°52' 

.866  .895  .920  .929 

16°36'  21°0'  29°58'  40°20' 

.938  .918  .896  .869 

Diam.  =  .787  in.     Length  =  .164  ft. 
5°26'  6°54'  10°30'  12°10'  13°40' 

.928  .938  .945  .949  .956 


10°20' 

12°4' 

13°24' 

.938 

.942 

.946 

49°0' 

.847 

15°2' 

18°10' 

33°52' 

.949 

.939 

.920 

If  the  channel  of  approach  instead  of  being  conical 
has  approximately  the  form  of  the  vena  contracta, 
the  coefficient  of  discharge  becomes  nearly  unity. 
G.   S.   Williams  states  that  the  coefficient  will  lie 


THIN  PLATE  ORIFICE  AND  TUBE 
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-l.92Sd' 


c>,c> 

!■ 


between  0.97  and  0.995.  For  nozzles  of  the  propor 
tions  shown  above  Weisbach  gives  the  following  co 
efficients  of  discharge: 


tions .  ..  . 

efficients  of  discharge: 

Head  on  orifice,  ft. 
Coefficient  of  discharge 


66 

1.64 

11.48 

55.77 

337.93 

959 

.967 

.975 

.994 

.994 

A  short  length  of  tube  added  on  the  discharge  side 
of  a  thin  plate  orifice  increases  the  discharge,  due  to 
the  reduction  of  pressure  within  the  tube.  Experi- 
menting with  a  tube  2  in.  in  diameter  and  6  in.  long, 
W.  S.  Pardoe  obtained  the  results  in  the  table  in  the 
second  column. 


Head,  in  ft. 
H 


CoefF.  of  disch. 
C 


2.5 

814 

5.0 

813 

7.5 

816 

12.5 

820 

15.0 

817 

18.0 

814 

20.0 

811 

22.5 

818 

27.5 

816 

32.5 

818 

37.5 

810 

42.5 

801 

47.5 

786 

Submerged  short  tubes  of  square  section  on  the 
discharge  side  of  a  square  orifice  in  a  flat  plate  have 
been  tested  by  T.  C.  Rogers  and  T.  L.  Smith.  The 
orifice  was  of  plank  surfaced  on  both  sides  and  the 
tubes  were  of  white  pine,  also  surfaced.  For  com- 
parison, tests  were  made  of  sharp-edged  orifices  of 
the  same  size  cut  in  No.  26  galvanized-iron  plates. 
The  coefficients  follow  below: 


SUBMERGED  ORIFICES  AND  TUBES 


Length -4- Side  Heads,  ft. 

.2 

.4 

.6 

.8 

1.0 

1.2 

1.4 

1.6 

1.8 

2.0 

Sharp  Edge  (6  in.  sq.) 

.599 
.796 
.603 
.790 
.792 
.625 
.805 
.804 
.811 

.598 
.796 
.605 
.790 
.795 
.618 
.803 
.802 
.808 

.598 
.796 
.607 
.790 
.795 
.613 
.803 
.802 
.805 

.598 
.796 
.607 
.790 
.796 
.611 
.803 
.801 
.803 

.600 
.796 
.607 
.790 
.796 
.611 
.803 
.802 
.801 

.601 
.796 
.606 
.790 
.796 
.610 
.803 
.804 
.800 

.601 

.796 
.606 
.790 
.796 
.610 
.813 
.805 
.799 

.602 
.797 
.605 
.791 
.796 
.610 
.803 
.807 
.798 

.603 
.797 
.605 
.793 
.796 
.610 
.804 
.809 
.796 

.604 

1.473 

.797 

Sharp  Edge  (8  in.  sq.) 

.604 

2.482 

.795 

3.425 

.796 

Sharp  Edge  (10  in.  sq.) 

.611 

1.513 

.804 

2.514 

.811 

3.520 

.797 
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Orifices  and  Nozzles  On  Pipe  Ends — ^The  properties 
of  an  orifice  or  nozzle  at  the  end  of  a  pipe  differ  from 
those  of  an  orifice  or  nozzle  in  a  flat  plate  in  that  the 
velocity  of  approach  must  be  taken  into  account  and 
in  that  flow  lines  are  modified,  the  effect  of  which 
increases  as  the  opening  approaches  in  area  the  cross- 
section  of  the  pipe.  Horace  Judd  tested  orifices  in 
pipe  caps  smoothed  internally  and  bored  and  reamed 
accurately  to  size.  The  static  head  was  read  7^  in. 
from  the  plane  of  the  orifice  on  a  water  column,  the 
zero  of  the  scale  being  on  a  level  with  the  center  of 
the  pipe.  The  following  table  gives  the  values  of  the 
coefiicient  C  in  the  formula: 


Q  =  CA 


1 


-(i) 


^J 


2gh 


in  which  Q  is  the  discharge  in  cu.  ft.  per  second,  D 
the  diameter  of  the  pipe,  d  the  diameter  of  the  orifice, 
A  the  area  of  the  orifice  in  sq.  ft.,  and  h  the  head  in 
feet. 


4-in.  Pipe,  area  .0917  sq.  ft. 
h       A,  sq.  ft.       C 


4.0 
9.0 


.00545 


^;0}.0218 
^;g}.0339 
^;g}.0480 
^;g}.066S 


.609 
.608 


.594 
.595 


.602 
.600 


.603 
.599 


.629 
.622 


.628 
.622 


.639 
.635 


3-in.  Pipe,  area  .0514  ;q.  ft. 
h       A,  sq.  ft.      C 

4.0\     r^,.r  .622 

^■^\   00301  -^^^ 

^■^\  00545  -^^ 

4.01    QJ23  -628 

9.0/ -^^^-^  .628 

4.0  \   f.2i«  -624 
9.0/ -"218  gj9 

4.01  Q3,,  .628 
9.0/ ■^•^*^  .626 


5-in.  Pipe,  area  .1426  sq.  ft. 


4-in.  Orifice,  A  =  .0875 
h  ( 


sq.  ft. 


1.48 

.647 

1.50 

.652 

3.49 

.644 

3.56 

.635 

3.75 

.642 

4.38 

.648 

4.54 

.648 

4.61 

.647 

5.99 

.649 

6.24 

.650 

7.29 

.648 

7.54 

.644 

Av 

.646 

3.495-in.  Orifi 

:e, 

A  =   .0666  sq. 

ft. 

h 

C 

1.51 

.640 

1.55 

.642 

1.58 

.643 

3.46 

.644 

3.69 

.634 

4.53 

.639 

4.60 

.635 

4.75 

.635 

6.04 

.642 

8.63 

.638 

Av 

.639 

2.998-in. 

Orifi 

:e, 

A  = 

.0487 

sq. 

ft. 

h 

C 

1.17 

.640 

1.54 

.644 

4.66 

.631 

5.85 

.626 

Av... 

.635 

2.497-in. 

Orifi 

ce, 

A  = 

=   .0340  sq 

ft. 

h 

C 

3.42 

.628 

4.62 

.628 

5.63 

.627 

7.57 

.626 

Av... 

.627 

1.999-in. 

Orifi 

ce, 

A  = 

=   .0218  sq. 

ft. 

h 

C 

1.55 

.625 

4.67 

.624 

5.49 

.619 

Av... 

.623 

[0  diam. openings' 


V.  R.  Fleming  has  tested  nozzles  of  j^,  y^,  and 
}i  in.  opening  connected  to  j4-\n.  hose.    As  shown 
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by  the  illustrations  on  page  78,  the  ys  nozzle  was 
12  in.  long,  the  others  6  in.  The  y&  and  ys  in-  noz- 
zles were  rough  inside,  just  as  they  came  from  the 
molds.  The  tips  had  been  smoothed  slightly  by 
running  a  drill  through,  but  the  cylindrical  portion 


was  very  short.  The  >^-in.  nozzle  was  reamed 
smooth,  having  a  cylindrical  portion  }4  in.  long. 
Pressures  were  measured  at  the  base  of  the  cone 
through  piezometer  openings,  as  shown.  The 
following  results  were  obtained: 


^  in.  Nozzle 

Kin.] 

Mozzle 

j^  in.  Nozzle 

Lb.  sq.  in. 

U.  S.  Gal. — min. 

Lb.  sq.  in. 

U.  S.  Gal. — min. 

Lb.  sq.  in. 

U.  S.  Gal. — min. 

20 

12 

20 

33 

20 

25 

30 

15 

30 

40 

30 

30 

40 

17 

40 

46 

40 

35 

50 

19 

SO 

52 

50 

39 

60 

21 

60 

57 

60 

43 

70 

23 

70 

61 

70 

47 

80 

24 

80 

65 

80 

50 

90 

26 

90 

69 

90 

53 

100 

28 

100 

73 

100 

^6 

From  his  experiments  on  fire  nozzles  Freeman 
concluded  that  smooth  conical  nozzles  have  as  high 
coefficients  of  discharge  as  any  other  form  of  nozzle 
and  that  for  smooth  conical  nozzles  of  1^  in.  or 


1^  in.  diameter  .977  will  not  be  more  than  ^%  in 
error,  the  coefficient  being  slightly  larger  for  smaller 
nozzles.    His  results  were  : 


Pressure 

Pressure 

Pressure 

at  Base  of 

U.  S.  Gal. 

at  Base  of 

U.  S.  Gal. 

at  Base  of 

U.  S.  Gal. 

1-in.  Nozzle 

per  mm. 

l>^-in.  Nozzle 

per  mm. 

IX-in.  Nozzle 

per  mm. 

Lb.  sq.  in. 

Lb.  sq.  in. 

Lb.  sq.  in. 

20 

132 

20 

168 

20 

209 

30 

161 

30 

206 

30 

256 

40 

186 

40 

238 

40 

296 

50 

208 

50 

266 

50 

331 

60 

228 

60 

291 

60 

363 

70 

246 

70 

314 

1 

70 

392 

For  the  ^-in.  nozzle  he  obtained  a  coefficient  of 
discharge  of  .983  and  for  a  "^/i-xn.  nozzle  .982.  A.  H. 
Gibson  is  of  the  opinion  that  these  values  can  be 
depended  upon  certainly  within  1%. 

The  nozzle  of  curved  contour  is  proportioned 
somewhat  differently  by  different  investigators.  For 
nozzles  of  the  relative  dimensions  indicated  in  the 
accompanying  sketch  Schact  gives  the  coefficient  of 
discharge  as  .96  to  .99. 


H- 


-I.Sd 


Si, 

4 


Si, 

I 

JL 


■H 
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TT 


c:5 


^ 


'abouf^in. 


S.  B.  Redfield  describes  a  similar  nozzle  (above), 
for  insertion  in  the  head  of  an  air  tank  having  20 
times  greater  cross-sectional  area  than  the  nozzle. 
The  interior  surface  of  the  nozzle  is  polished  and  the 
pressure  is  read  from  a  manometer  attached  to  the 
air  tank.  The  coefficient  of  discharge  is  said  to  be 
close  to  .98. 


I'Rad. 


Nozzles  of  the  form  shown  immediately  above  are 
used  in  testing  centrifugal  pumps  in  the  De  Laval 
Works,  the  velocity  of  the  stream  being  determined 
usually  by  means  of  an  impact  tube.  In  experiments 
with  a  2^-in,  nozzle  on  an  8-in.  pipe,  the  impact 
tube  gave  almost  exactly  the  same  reading  as  a 
pressure  gage  placed  ahead  of  the  nozzle.  It  is 
desirable  to  have  a  straight  run  of  pipe  ahead  of  the 
nozzle,  otherwise  it  is  necessary  to  average  the  im- 
pact tube  readings  over  the  area  of  the  jet.  Using 
the  impact  tube  Denton  and  Kent  found  values  of  C 
in  the  formula: 

Q  =  CVrih 

of  .953  to  .977  for  a  nozzle  of  .1291  sq.  ft.  discharge 
area  and  C  =.942  to.  960  for  a  nozzle  of  .0323  sq.  ft. 
area.     The    nozzles    discharged    vertically    into    a 


measuring  tank  and  the  point  of  the  impact  tube, 
formed  by  drawing  a  yi-in.  brass  tube  down  to 
-§2  in.  diameter,  was  placed  1  in.  below  the  end  and 
at  the  center  of  the  nozzle.  The  measuring  tank  was 
14  ft.  long,  6  ft.  wide  and  6  ft.  deep  and  was  filled  in 
2  min.  at  the  highest  rate  of  flow.  The  nozzle  could 
be  swung  on  or  off  the  tank  in  ^  second,  so  that  the 
error  of  spill  was  less  than  J^  of  1%. 

Large  nozzles  of  this  type  (10-in.  diam.  and  above) 
give  values  of  C  between  0.98  and  0.99. 

Pipe  Orifices  and  Nozzles — Orifices  and  nozzles 
within  pipes  have  coefficients  of  discharge  different 
from  the  coefficients  found  for  the  same  apertures 
when  fixed  in  a  flat  wall. 

Although  thin-plate  orifices  are  regularly  used  by 
a  number  of  manufacturers  of  commercial  meters, 
only  a  limited  amount  of  exact  information  relating 
thereto  has  been  published. 

The  variation  of  the  discharge  coefficient  C  with 
variation  of  the  ratio  of  orifice  diameter  to  pipe 
diameter  is  still  considerable  after  allowance  has  been 
made  for  the  velocity  of  approach,  as  is  done  after  a 
fashion  in  the  formula: 


v-(i)' 


in  which  d  is  the  diameter  of  the  orifice,  D  the 
diameter  of  the  pipe,  Q  cu.  ft.  discharged  per  sec, 
A  the  area  of  the  orifice  in  sq.  ft.  and  h  the  head  in 
ft.  However,  C  is  nearly  constant  with  pressure 
connections  close  to  the  ^  rifice  plate  for  values  of 

pT  up  to  0.7. 

The  location  of  the  pressure  connections  is  im- 
portant. There  is  a  slight  rise  in  pressure  just 
preceding  the  orifice,  beginning  at  a  point  approxi- 
mately 1  pipe  diameter  distant,  while  the  depression 
of  pressure  is  greatest  at  a  point  from  .3  to  .6  pipe 
diameter  downstream  from  the  orifice,  being  the 
nearer  the  larger  the  orifice  in  proportion  to  the  pipe. 
From  this  point  on,  a  recovery  of  pressure  occurs, 
reaching  a  maximum  of  about  55%  of  the  orifice 

head  at  3  diameters  for  yz  =  .8,  to  about  2%  recovery 


at  12  diameters  for 


D 


,1.    Three  standard  locations 


of  pressure  connections  are  used: 

(1)  In  the  plane  of  the  orifice,  that  is,  as  near  as 
possible  on  each  side  of  a  thin-plate  orifice. 
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I   Hodgson  for  Air  Water  and  5feam,  provided  Water  differentials  are  above 

critical  and  ttyat  witti  air  and  steam  P2/P1  is  not  less  fhian  0.90 
2.  6askef/ tests  with  water  m  8 in. pipe 
J.   Oaskelf  tests  r/fth  water  in  Gin.  pipe 

ni)4nWafer  Pipefi  fo6ff.  waferdifferenfial 

•  '     r                                  C7              /• 

11     II     1     1.  L     1      1 

-     1     i 1 

.4  .5  .6  .7  .8 

d/D 

Pipe  orifice  coefficients  for  close  connections. 


(2)  One  pipe-diameter  upstream  and  ^  diameter 
downstream,  giving  nearly  the  maximum 
differential,  and 

(3)  One  diameter  upstream  and  eight  diameters 
downstream  giving  approximately  the  net 
pressure  loss. 

F.  R.  Gage  states  that  l^-,2-  and  2}4-\x\.  thin-plate 
orifices  in  a  4-in.  pipe  used  for  instruction  purposes 
at  Cornell  University  show  a  constant  discharge 
coefficient  of  0.62  or  slightly  less,  the  pressure  con- 
nections being  radial  and  close  to  each  side  of  the 
disk. 

/.  L.  Hodgson  states  that  the  coefficient  of  dis- 
charge does  not  differ  materially  from  .608  for  a 
square  edge  thin-plate  orifice  with  the  pressure 
connections  in  the  plane  of  the  orifice,  for  all  values 

ofpTup  to  .7  and  for  heads  above  a  "critical"  head. 

Experiments  on  orifices  of  diameters  from  ^g^  in.  to 
9  ins.  showed  variations  of  not  more  than  1%  from 
.608.  Below  the  critical  head  the  discharge  varies  as 
h*",  where  m  is  about  .488.  The  following  table  shows 
the  values  of  C  and  of  the  critical  head  for  very  small 
orifices: 


Pipe 
Diam. 

Orifice 
Diam.,  In. 

Orifice 

Thickness 

In. 

C 

Critical 
Head,  Ft. 

1.5 
1.5 
1.5 
1.5 

0.0660 
.1256 
.2412 
.3539 

.04 
.02 
.02 
.02 

.612 
.605 
.607 
.606 

28 
21 
13 

7 

W.  J.  Crowell  has  compared  as  above  the  coeffi- 
cients given  by  various  investigators  for  connec- 
tions close  to  the  orifice  disk.  Curve  1  represents 
results  given  by  /.  L.  Hodgson  for  air,  water  and 
steam,  the  water  velocities  being  assumed  to  be 
above  the  critical  values  and  the  differential  with  air 
and  steam  to  be  less  than  10%  of  the  initial  pressure. 

Curves  2  and  3  relate  to  tests  by  Gaskell  on  the 
flow  of  water  in  an  8-in.  and  a  6-in.  pipe  respectively. 

Curve  4  presents  values  deduced  from  Weisbach's 
contraction  coefficients  for  the  flow  of  water  through 
orifices  in  pipes,  the  sizes  of  the  pipes  not  being  given. 
The  points  in  circles  show  results  with  water  in  a 
4-in.  pipe,  with  differentials  of  0  to  6  ft.  water  column. 

Horace  Judd  has  published  results  of  tests  made 
upon  concentric  circular  orifices  in  a  thin  plate 
fixed  between  flanges  in  a  5-in.  pipe  (area  .1396 
sq.  ft.).  The  diaphragms  were  located  in  a  straight 
length  of  pipe,  21  ft.  11  in.  beyond  an  ell,  and  the 
water  was  supplied  by  a  centrifugal  pump  and  was 
measured  volumetrically.  With  the  pressure  con- 
nections at  >2-pipe  diameter  upstream  and  down- 
stream respectively  from  the  diaphragm  the  follow- 
ing results  were  obtained  for  an  orifice  of  .1117 
sq.  ft.  area  (4.52  in.  diam.): 


Head 

CoefF.  of  Disch 

Ft. 

C 

.48 

.683 

1.32 

.714 

2.24 

.704 

3.62 

.733 

5.34 

.718 
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With  the  pressure  connections  ^  in.  either  side  of 
the  diaphragm  the  quantities  were: 


Head,  Ft. 

.69 

2.00 

3.40 
5.46 


c 

.578 
.580 
.571 
.597 


An  orifice  of  .0348  sq.  ft.  area  gave  with  connec- 
tions ^-diameter  distant: 


6.19 
1.818 
3.459 
5.727 


.608 
.615 
.610 
.608 


With   connections   at  ^-pipe  diameter  upstream 
and  downstream  an  orifice  of  .0882  sq.  ft.  area  gave: 


.707 
2.055 
3.500 
6.074 


.637 
.639 
.647 
.640 


With  the  connections  ^  in.  on  either  side  the  same 
orifice  gave: 


.744 
2.177 
3.466 
6.380 


.622 
.622 
.651 
.636 


An  orifice  of  .0672  sq.  ft.  area  gave  with  connec- 
tions ^-pipe  diameter  upstream  and  downstream: 


.752 
2.248 
3.824 
6.335 


.622 
.614 
.613 
.614 


With  connections  3/2  in.  either  side  it  gave: 


.752 
2.258 
3.852 
6.413 


.622 
.612 
.612 
.607 


An  orifice  of  .0492  sq.  ft.  area  gave  with  connec- 
tions ^-pipe  diameter  upstream  and  downstream: 


1.217 
2.166 

3.525 
6.052 


.618 
.610 
.612 
.607 


With  connections  ]/2  in.  either  side  it  gave: 


1.210 
2.166 

3.533 
6.081 


.619 
.610 
.609 
.605 


With  connections  ^-in.  distant  it  gave; 


.620 
1.819 
3.462 
5.721 


.607 
.615 
.610 
.607 


An  orifice  of  .0225  sq.  ft.  area  gave  with  the  con- 
nections W-diameter  distant: 


5.378 


.606 


and  with  connections  3^  in.  distant: 

5.371  .606 

R.  E.  Davis  and  H.  H.  Jordan  have  pubUshed  tests 
on  square-edged  concentric  orifices  i^-in.  thick  in 
4-in.,  6-in.  and  12-in.  pipes.  Eight  sizes  of  orifice 
were  tested  in  each  pipe  at  about  30  different  rates 
of  water  flow,  the  differentials  ranging  from  about 
0.1  ft.  to  50  ft.  water  column.  The  pressure  con- 
nections were  at  0.8  pipe  diameter  upstream  and 
0.4  diameter  downstream. 

Coefficients  C  for  use  in  the  formula 


Q  =  CA 


\ 


'-(») 


^1/2  gh 


are  given  in  the  following  table  as  summarizing  the 
results  of  the  tests: 


I  r                  Diam.  Orifice 
Diam.  Pipe 

.8197 

.6597 

.4926 

.4115 

.3279 

.2457 

.1639 

.12285 

4  in.  Pipe  . 

[0.1 

.  1.0 

[50.0 

.6660 
.6549 

.6311 
.6239 
.6116 

.6214 
.6164 
.6048 

.6179 
.6134 
.6033 

.6150 
.6119 
.6038 

.6173 
.6143 
.6073 

.6258 
.6239 
.6179 

.6379 
.6359 
.6298 

6  in.  Pipe  . 

f  0.1 

..  1.0 

150.0 

/ 

.6469 
.6388 

.6199 
.6116 

.6084 
.6036 

.5955 

.6035 
.6003 
.5942 

.6018 
.5998 
.5947 

.6053 
-  .6033 

.5973 

.6129 
.6109 
.6009 

.6189 
.6159 
.6039 

12  in.  Pipe  . 

f  0.1 

..  1.0 

(50.0 

.6340 

.5985 
.5914 

.6028 
.5968 
.5908 

.6023 
.5963 
.5902 

.6028 
.5978 
.5917 

.6043 
.5993 
.5943 

.6099 
.6059 
.6019 

.6099 
.6059 
.6019 
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Maximum  difFerentials  for  flow  through  orifices  in  a  4-in.  pipe. 


The  results  of  Davis  and  Jordan  with  the  down- 
stream connection  at  or  near  the  vena  contracta  are 
compared  with  those  of  Judd  in  the  following  chart, 
due  to  W.  J.  Crow  ell: 


.66 
65 
64 

^5 
.62 
.61 
.60 
59 
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Davis  and  Jordan  also  observed  the  drop  in  pres- 
sure from  0.8  diameter  upstream  to  4  diameter 
downstream,  which  they  call  the  "lost"  head.  The 
relation  of  the  lost  head  to  the  pressure  head 
measured  between  0.8  diameter  upstream  and  0.4 
diameter  downstream  is  shown  below.  The  general 
accuracy  of  the  experiments  may  be  judged  from  the 
logarithmic  charts  on  this  and  the  following  two 
pages. 
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Available  values  of  C  for  distant  connections  have  been  tabulated  by  W.  J.  Crowell,  as  follows: 


d/D 

.25 

.30 

.35 

.40 

.45 

.50 

.55 

.60 

.65 

.70 

.75 

Fisher 

.630 
.633 
.630 
.627 
.628 

.641 
.642 
.640 
.637 
.636 

.653 
.653 
.653 
.650 
.651 

.668 
.665 
.668 
.665 
.667 

.687 
.680 
.683 
.682 
.688 

.714 
.701 
.705 
.703 
.708 

.743 
.726 
.728 
.727 
.734 

.774 
.754 
.755 
.754 
.772 

.813 
.793 
.789 
.788 
.821 

.848 
.831 
.820 
.821 
.870 

.882 

MuUer 

.875 

Gaskell 

.857 

Weisbach 

.861 

Davis  &  Jordan 

.930 

Fisher's  experiments  were  made  upon  air  in  4-in., 
6-in.,  8-in.  and  10-in.  pipes,  with  connections  2.5D 
upstream  and  8D  downstream.  Miiller  experi- 
mented upon  air  in  a  3.23-in.  pipe  with  connections 
at  2.45D  upstream  and  7.94D  downstream.  Gaskell 
made  tests  with  water  in  6-in.  and  8-in.  pipes.  The 
Weisbach  figures  are  calculated  from  his  values  for 
contraction  coefficients.  The  Davis  and  Jordan 
figures  relate  to  tests  with  water  in  a  6-in.  pipe  with 
pressure  connections  .8D  upstream  and  4D  down- 
stream. 

Davis  and  Jordan  found  that  with  orifices  greater 


than  }4  the  diameter  of  the  pipe,  eccentricity  of  the 
orifice  caused  variation  in  the  coefficient,  but  that 
eccentricities  as  great  as  ^t  of  the  pipe  diameter 
have  no  effect  if  each  side  of  the  gage  is  connected 
to  two  diametrically  opposite  openings.  Longitudinal 
displacement  of  the  gage  connections  are  to  be  care- 
fully avoided.  The  difficulty  of  reading  gages  in- 
creases very  rapidly  after  the  orifice  diameter 
exceeds  ^  the  pipe  diameter,  but  by  proper  care  and 
manipulation  the  discharge  may  be  determined 
within  2%  with  orifices  not  in  excess  of  ^  of  the  pipe 
diameter. 
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Maximum  differentials  for  flow  through  orifices  in  a  12-In.  pipe. 


In  making  pressure  connections,  Victor  R.  Gage 
recommends  using  as  small  openings  as  possible, 
without  rounding  the  corners.  A.  H.  Gibson  says 
that  in  order  that  a  piezometer  may  give  accurate 
records  of  pressure  in  a  pipe  containing  flowing 
water,  it  is  important  that  the  surface  should  be 
smooth  near  the  piezometer  opening  and  especially 
important  that  any  burr  or  roughness  from  drilling 
should  be  removed.  Where  the  pipe  is  of  small 
diameter,  he  recommends  drilling  through  both  walls 
at  one  operation,  plugging  the  first  hole  and  using 
the  other.  He  says  that  such  an  opening  should  be 
small,  -^  in.  usually  being  ample  if  the  pipe  wall  is 
thick  enough  to  permit  of  a  counterbore  for  the 
reception  of  the  pressure  pipe. 

Nozzles  in  pipes  are  coming  into  extensive  com- 
mercial use,  but  very  few  data  have  been  published. 
/.  L.  Hodgson  says  that  it  is  possible  to  construct  a 
shaped  nozzle  which  has  with  water  a  constant  dis- 
charge coefficient  of  about  .985  over  the  range  of 
velocity  of  1  to  30  and  that  variation  of  the  coefficient 
with  velocity  can  be  obviated  if  the  walls  of  the 
nozzle  immediately  upstream  of  the  section  at 
which  the  throat  pressure  is  taken  are  of  the  right 
shape  and  if  the  throat  pressure  is  not  measured 
downstream  of  the  section  at  which  the  walls  of  the 
nozzle  again  become  parallel  to  the  axis. 


Sfandard  nozzle  for  siandard 
flange( German)  shown  for 
140  mm  noizle  diameter 


"a  "and"b  "are  norn^  I 
standard methods\  i 
ofaffachment     I — I 


nS  mm.  Inside 
diam. 


'  l*0.006dforroundingoff 
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The  German  Society  of  Engineers  and  the  German 
Society  of  Machinery  Builders  developed  the  form 
of  pipe  nozzle  shown  on  p.  85,  of  which  they  state 
the  discharge  coefficient  to  lie  between  .97  and  .995. 


They  state  that  its  accuracy  is  equal  to  or  greater 
than  that  of  gas-holder  measurements  for  measuring 
air.  Dimensions  in  millimeters  for  a  series  of  sizes 
are  given  in  the  following  table: 


d 

D 

di 

d2 

Di 

Do 

h 

i 

J 

k 

L  inc- 
luding 

1 

m 

n 

0 

P 

q 

R 

r 

S 

t 

u 

V 

w 

e 

No. 

of 

holes 

D3 

50 
125 

60 

72 

120 

190 

22 

3 

22 

H" 

42.5 

9 

4 

57 

5 

70 

25 

5 

2.5 

10 

8 

50 

'A" 

4 

155 

70 

175 

80 

94 

170 

244 

22 

3 

22 

H" 

59.5 

9 

5 

81 

5 

6 

98 

35 

6 

2.5 

10 

10 

50 

A" 

6 

205 

100 
250 

112 

.126 

244 

319 

22 

3 

22 

H" 

85 

9 

5 

118 

6 

8 

140 

50 

6 

3 

12 

12 

50 

H" 

6 

285 

140 
350 

152 

168 

344 

418 

22 

3 

22 

H" 

119 

9 

6 

167 

6 

8 

196 

70 

7 

3 

12 

12 

50 

H" 

8 

385 

200 
500 

216 

232 

493 

592 

22 

3 

22 

H" 

170 

9 

6 

241 

7 

9 

280 

100 

7 

4 

13 

15 

50 

Va" 

12 

540 

280 
700 

296 

315 

692 

790 

22 

3 

22 

H" 

238 

9 

6 

340 

7 

10 

392 

140 

8 

4 

13 

15 

50 

y," 

16 

745 

400 
1000 

416 

440 

990 

1090 

22 

3 

22 

H" 

340 

9 

6 

488 

8 

12 

560 

300 

10 

4 

15 

20 

50 

H" 

20 

1045 

PITOT  TUBES 

The  Pitot  tube  is  peculiar  in  that  its  action 
agrees  exactly  with  theory,  while  its  practical  use  is 
at  the  same  time  attended  by  considerable  errors. 
Extended  discussion,  based  both  upon  experiment 
and  upon  hydrodynamic  theory,  appears  to  have 
established  that  an  open-ended  tube,  moved  with  its 
open  end  foremost  through  a  quiet  fluid  and  with 
its  axis  parallel  to  the  direction  of  motion  develops 

a  pressure  head  which  is  exactly  equal  to  ^^  ,V  being 

the  velocity  of  the  tube  relative  to  the  fluid.  This 
relation  has  been  confirmed  repeatedly  by  towing 
and  boom  experiments  in  still  water.  Where  the 
water  moves  instead  of  the  tube,  more  or  less 
turbulence  is  necessarily  present,  and  the  Pitot  head, 
which  depends  upon  the  average  of  the  squares  of 
the  velocity,  rather  than  upon  the  square  of  the 
average  velocity,  is  increased.  A  value  of  C  less  than 
1  is  therefore  called  for  in  the  formula  V  =  C  'v/2gh, 
V  being  the  average  component  of  velocity  in  the 
direction  of  motion. 

Assuming  that  the  fluctuations  are  sinusoidal  and 
that  the  Pitot  tube  and  connected  manometer  are  of 


uniform  internal  diameter,  A.  H.  Gibson  has  worked 
out  the  following  values  of  C  for  various  values  of 
K,  in  which  K  is  the  proportional  fluctuation  above 
and  below  the  mean  velocity. 


K 

1.0 

.5 

.25 

.1 

.05 

C 

815 

.942 

.984 

.997 

.999 

The  eff^ect  of  any  such  fluctuation  as  is  to  be 
expected  in  normal  pipe  flow  is  quite  small.  In  a 
straight,  smooth  pipe,  the  impact  tube  gives  the 
velocity  head  within  the  limits  of  accuracy  of  ordi- 
nary measurements. 

In  order  to  obtain  the  velocity  head  in  a  pipe  it  is 
necessary  to  subtract  or  eliminate  the  pressure  head. 
This  is  best  obtained  by  means  of  piezometer  open- 
ings distributed  around  the  wall  of  the  pipe  in  the 
plane  of  the  tip  of  the  impact  tube.  It  can  also  be 
obtained  from  small  openings  in  a  closed-end  tube 
parallel  to  the  impact  tube,  or  by  means  of  perfora- 
tions through  a  larger  tube  concentric  with  the 
impact  tube.  So  long  as  the  surface  through  which 
the  static  pressure  is  measured  is  parallel  with  the 
line  of  flow,  the  true  static  pressure  is  obtained,  but 
if  this  surface  is  not  exactly  parallel  with  the  direc- 
tion of  flow,  the  readings  are  erroneous. 
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The  familiar  L-shaped  type  of  Pitot  tube  with 
concentric  static  tube  gives  velocities  accurately 
when  it  is  held  in  a  position  parallel  to  the  direction 
of  flow  of  the  water.  The  difference  between  the 
pressures  in  the  two  tubes  is  then  read  by  means  of 
a  manometer  or  U-tube  containing  mercury  or 
tetrachloride  of  carbon,  or  by  means  of  an  inverted 
U-tube  containing  oil  or  air.  In  measuring  the  flow 
of  water  with  a  Pitot  tube  of  this  type,  Gregory 
obtained  values  of  C  in  the  formula  V  =  C  V2gh  of 
1.003  to  .995. 

As  it  is  often  impracticable  to  introduce  a  tube  of 
this  form  into  a  pipe  under  pressure,  special  forms 
which  can  be  introduced  through  a  cock  have  been 
devised.  In  such  tubes  the  impact  opening  faces 
upstream,  but  it  is  not  far  enough  away  from  the 
transverse  carrying  rod  or  tube  to  approximate  the 
conditions  of  a  true  Pitot  tube.  Likewise  the  static 
openings,  which  may  be  either  in  the  side  of  the  rod, 
or  facing  downstream,  do  not  give  the  same  values 
as  do  the  static  openings  in  a  long  straight  surface 
parallel  with  the  direction  of  flow. 

The  Pitometer  Co.  uses  a  "rod"  meter  consisting 
of  a  brass  sheath  of  flat  oval  cross-section,  containing 
two  /^-in.  brass  tubes,  each  terminating  in  a  curved 
phosphor  bronze  orifice.  At  the  opposite  end  of  the 
tube  is  clamped  a  finger,  which  engages  in  notches 
on  the  sheath  so  that  the  orifices  may  be  turned 
"in"  for  insertion  into  the  main,  or  "out"  for  use. 
The  rod  meter  may  be  inserted  through  a  1-in.  tap. 

When  the  static  opening  faces  downstream,  it 
does  not  even  approximately  measure  the  true  static 
pressure,  but  indicates  a  depression  which  varies  in 
proportion  to  the  velocity  head  measured  by  the 
impact  tube.  As  the  measured  head  is  the  difference 
between  the  heads  of  the  impact  and  trailing  tubes 
and  is  greater  than  the  true  velocity  head,  a  value  for 
C  is  obtained  which  is  considerably  less  than  unity. 
For  the  Simplex  Valve  &  Meter  Co.'s  tube,  for  ex- 
ample, it  is  .72  for  velocities  above  3  ft.  per  second, 
while  for  the  Pitometer  Co.'s  tube  a  value  of  approxi- 
mately .88  is  used.  Obviously,  with  any  special  con- 
struction of  this  kind  it  is  necessary  that  accurate 
checking  tests  be  made,  preferably  in  running  water 
in  a  pipe  of  approximately  the  same  size  as  the  one 
in  which  the  tube  is  to  be  used. 

The  use  of  a  Pitot  tube  of  any  form  in  a  pipe  or 
channel  presupposes  the  making  of  traverses,  since 
the  velocity  at  any  given  moment  is  different  at 
different  radii.    In  a  smooth,  straight,  cast-iron  pipe 


the  velocity  near  the  wall  is  approximately  only  }4 
the  velocity  at  the  center,  while  if  there  are  any 
obstructions,  even  at  a  considerable  distance  back 
from  the  point  of  measurement,  irregularities  in 
distribution  of  the  velocity  will  be  found.  In  the 
absence  of  obstructions,  such  as  valves,  elbows,  etc., 
ordinates  representing  the  velocities  erected  upon 
the  plane  of  the  section  will  terminate  approximately 
in  an  ellipsoid  of  revolution.  The  ratio  of  the  average 
ordinate  to  the  maximum  ordinate  at  the  center 
depends  upon  the  size  of  the  pipe  and  the  condition 
of  its  walls,  as  rough  or  smooth.  In  a  certain  16-in. 
main,  for  example,  the  value  was  .805,  and  in  an 
8-in.  main  .83.  The  Pitometer  Co.  states  that  for 
new  cast-iron  pipe  .85  may  be  assumed,  and  for  old 
pipe  .75. 

Darcy's  experiments  on  pipes  ranging  in  diameter 
from  8  in.  to  19  in.  gave  results  in  which  the  average 
velocity  v  may  be  represented  by  the  formula: 


V  =  V  -  4  k  V 


ai 


in  which  V  is  the  maximum  velocity,  k  has  the  value 
of  20.4,  when  the  foot  is  the  unit  of  length,  i  is  the 
hydraulic  gradient  or  loss  of  head  per  unit  length  of 
pipe,  and  a  is  the  radius  of  the  pipe. 

The  mean  results  of  Baziris  experiments  on  a 
2. 36-ft.  cement  pipe  gave  v  =.855  V,  while  Williams, 
Huhhell  and  Fenkell,  in  experiments  on  cast-iron 
asphalted  pipes  of  12  in.,  16  in.,  30  in.  and  42  in. 
diameter,  found  that  the  average  velocity  was  .83 
times  the  maximum  velocity.  Cole  and  Morrow 
found  values  ranging  from  .79  to  .86.  R.  Threlfall, 
experimenting  on  the  flow  of  air  through  gas  pipes  of 
from  6  in.  to  26  in.  diameter,  obtained  for  a  range  of 
velocities  of  22  ft.  to  41  ft.  per  second  a  mean  value 
of  .873,  while  Michael  Longridge  in  experiments  on 
the  flow  of  air  through  a  16-in.  pipe  at  velocities 
from  77  ft.  to  210  ft.  per  second  found  the  ratio  to 
vary  less  than  1)4%  from  a  mean  value  of  0.921. 

Experiments  by  Stanton  on  the  flow  of  air  through 
pipes  of  5  and  7.4  centimeters  diameter  show  that 
for  exact  similarity  of  distribution  of  velocity  over 
the  cross-section  of  the  pipe  the  center  velocities 
should  be  inversely  proportional  to  the  pipe  diam- 
eters, that  is,  that  the  ratio  of  average  velocity  to 
center  velocity  will  be  the  same  in  two  pipes  of 
different  diameters  if  this  condition  be  satisfied.  A 
comparison  by  E.  Buckingham  of  the  experiments 
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by  Stanton  and  by  Saph  and  Schoder  on  flow  through 
brass  tubes  indicates  that  to  secure  similar  flow 
conditions  with  fluids  of  different  densities  and 
viscosities  the  velocities  and  diameters  should  be 
so  selected  as  to  satisfy  the  equation: 


Vad 


m 


=  a  constant 


in  which  V  is  the  central  velocity,  a  the  radius  of  the 
pipe,  d  the  density  of  the  fluid,  and  m  the  coefficient 
of  viscosity.  The  density  and  viscosity  of  water  at 
diff^erent  temperatures  are  given  in  the  following  table : 


Temp. 

Wt.  per  Cu.  Ft. 

Coefficient  of  Viscosity 

Lb. 

Dynes 

per  Sq.  Cm. 

32 

62.42 

.0179 

40 

62.42 

.0155 

50 

62.41 

.0131 

60 

62.37 

.0112 

70 

62.31 

.0097 

80 

62.23 

.0086 

90 

62.13 

.0077 

100 

62.02 

.0068 

110 

61.89 

.0062 

120 

61.74 

.0056 

130 

61.56 

.0051 

140 

61.37 

.0047 

ISO 

61.18 

.0043 

160 

60.98 

.0040 

170 

60.77 

.0037 

180 

60.55 

.0035 

190 

60.32 

.0032 

200 

60.07 

.0030 

210 

59.82 

.0028 

Obviously,  for  exact  measurements,  such  as  those 
relating  to  duties  of  pumping  engines,  it  is  necessary 
to  determine  the  pipe  coefficient  for  the  individual 
case.  This  is  done  by  making  a  traverse  across  a 
diameter  or  across  two  diameters,  one  at  right 
angles  to  the  other,  if  there  is  any  reason  to  expect 
that  the  velocities  are  not  symmetrically  distributed 
about  the  axis  of  the  pipe.  To  be  of  any  value,  this 
traverse  must  be  made  while  the  average  rate  of 
flow  through  the  pipe  remains  constant,  and  in  order 
to  insure  that  the  latter  condition  really  exists,  a 
separate  Pitot  tube  may  be  kept  at  the  center  of  the 
pipe  while  another  tube  is  moved  across  the  diam- 
eter, or  if  this  is  not  convenient,  the  tube  can  be 
quickly  returned  to  the  center  after  each  reading  in 
order  to  determine  whether  or  not  there  has  been 
any  change  in  the  center  velocity.  If  it  is  not 
feasible  to  rate  the  pipe  always  with  the  same 
velocity,  the  velocities  at  the  several  transverse 
points  can  be  divided  by  the  simultaneous  center 


velocities,  thus  reducing  all  to  a  common  basis  in 
which  the  center  velocity  is  unity. 
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Several  methods  of  taking  the  readings  and  of 
computing  the  mean  velocity  are  used.  In  a  method 
proposed  by  C.  H.  Chase,  the  readings  may  be  dis- 
tributed along  the  traverse  in  any  manner,  it  being 
necessary  only  that  the  radius  at  which  each  reading 
is  taken  be  known.  The  square  roots  of  the  observed 
Pitot  diff"erentials  are  then  plotted  as  ordinates  with 
the  squares  of  the  corresponding  pipe  radii  as  abscissae. 
A  curve  is  then  drawn  through  the  points,  as  above, 
and  the  area  enclosed  between  the  curve  and  the 
X-axis  measured  by  a  planimeter  or  otherwise.  This 
area,  divided  by  the  maximum  abscissa  (  =2R^,  R 
being  the  maximum  radius)  gives  the  average  value 
of  V  H,  from  which  the  mean  velocity  can  at  once  be 
computed,  the  coefficient  of  the  Pitot  tube  used 
being  known. 


60 

55 

50 

45 

40  ij 

35*:' 




;y 

elo 

cif 

/ 

^ 

^ 

\ 

^ 

.^' 

-— _ 

/ 

*s 

^ 

^ 

-  — 

\ 

^ 

;<; 

=5= 

'='- 

^^'' 

/ 

N 

'" 

^ 

s. 

/ 

\ 

1 

/ 

1> 

\ 

/ 

0 

5- 

\ 

/'- 

h'scharc 

V- 

/ 

S 

k 

\ 

/ 

^ 

\ 

\ 

/ 

o 

0 

:> 

\ 

V 

/ 

r 

vS 

1 

\ 

L 

1 

30  Q- 

15 
10 
5 


C 
Diam.  Ft. 


Another  method,  in  which  also  the  measurements 
can  be  made  at  any  radius,  provided  the  radii  are 
noted,  has  been  proposed  by  C.  E.  Grunsky.  From 
each  reading  the  corresponding  velocity  in  feet  per 
second  is  computed,  and  the  velocities  in  feet  per 
second  are  then  plotted  as  ordinates  on  the  radii  in 
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TABLE  OF  ORIFICE  LOCATIONS,  Rn,  FOR  TRAVERSING  PIPES 
All  dimensions  in  inches 


D 
Size  of  Pipe 

N 
No.  of 
Rings 

Ri 

R2 

R3 

R, 

R5 

Re 

R 

7     Rg 

R9 

60 

9 

7.08 

12.24 

15.84 

18.69 

21.21 

23.46 

25.50    27.36 

29.13 

54 

9 

6.37 

11.02 

14.25 

16.82 

19.09 

21.12 

22.95     24.62 

26.20 

48 

8 

6.00 

10.40 

13.39 

15.86 

18.00 

19.64 

21.62    23.20 

42 

8 

5.25 

9.10 

11.72 

13.88 

15.75 

17.39 

18.92    20.31 

36 

8 

4.50 

7.79 

10.04 

11.90 

13.50 

14.91 

16.22     17.40 

30 

7 

4.00 

6.94 

8.95 

10.61 

12.03 

13.28 

14.46     

24 

7 

3.21 

5.56 

7.17 

8.48 

9.62 

10.63 

11.. 

;6   

20 

7 

2.67 

4.63 

5.97 

7.07 

8.02 

8.86 

9.64   1  

18 

6 

2.59 

4.50 

5.80 

6.88 

7.79 

8.60 

16 

6 

2.30 

4.00 

5.17 

6.12 

6.93 

7.65 

14 

6 

2.02 

3.50 

4.52 

5.35 

6.16 

6.69 

12 

5 

1.90 

3.28 

4.24 

5.02 

5.70 

10 

5 

1.58 

2.74 

3.54 

4.18 

4.74 

8 

5 

1.26 

2.19 

2.83 

3.35 

3.80 

6 

5 

.95 

1.64 

2.12 

2.51 

2.85 

5 

5 

.79 

1.37 

1.77 

2.09 

2.37 

4 

5 

.63 

1.09 

1.41 

1.67 

1.90 

feet  as  abscissae.  Each  ordinate  is  then  multipHed 
by  one-half  the  circumference  in  feet  of  a  circle  of  a 
corresponding  radius,  and  the  products  are  plotted 
as  ordinates,  as  at  the  bottom  of  the  preceding  page. 
The  area  under  the  curve  thus  obtained  is  obviously 
the  discharge  through  the  pipe  in  cu.  ft.  per  second. 
The  Simplex  Valve  i^  Meter  Co.  uses  the  equal 
ring  method,  so  that  the  average  of  the  velocities 
indicated  at  the  several  traverse  points  is  the  mean 
velocity.  The  locations  of  these  points  are  deter- 
mined by  the  formula: 

^n  -  J^p^    2N 

Wherein 

Rn  =  radius  of   the    circle    passing    through    the 
centers  of  gravity  of  the  radial  elements  of 
the  nth  ring, 
n  =  serial   number  of  ring,  counting   from   the 

center  of  the  pipe, 
N  =  total  number  of  rings. 
Rp  =  radius  of  pipe. 

Ring  No.  1  is  a  circle  and  its  center  of  gravity  is 
at  the  center.  The  locations  of  the  centers  of  gravity 
of  succeeding  rings  can  be  found  by  considering  the 
elements  to  be  trapezoids,  of  which  the  parallel  sides 
are  the  inner  and  outer  circumferences  bounding  the 
annular  spaces.  The  table  above  gives  values  of 
Rn  for  various  diameters. 

For  the  convenient  application  of  the  equal  ring 
method,  the  Pitometer  Co.  recommends  taking 
readings  at  radii  of  the  relative  values  V-1,  V.2, 


....  V.9.  The  sum  of  the  velocities  at  these  points 
plus  the  center  velocity  plus  the  mean  of  the  wall 
velocities  is  divided  by  20  to  obtain  the  average 
velocity. 

If  an  inverted  U-tube  containing  air  is  used,  the 
differential  head  can  be  read  directly  in  feet  of  water. 
At  small  velocities  the  heads  to  be  measured  with  a 
Pitot  tube  are  not  very  large  and  to  improve  accuracy 
some  engineers  prefer  to  use  in  the  U-tube  a  liquid 
having  a  specific  gravity  not  greatly  different  from 
that  of  water.  The  Pitometer  Co.  mentions  carbon 
tetrachloride,  having  a  specific  gravity  of  1  to  1.6, 
and  bromoform,  having  a  specific  gravity  of  2.75. 
The  carbon  tetrachloride  is  used  for  velocities  from 
0  ft.  to  7  ft.  per  second  at  standard  specific  gravities 
of  1.25  and  1.5,  the  gravity  beirrg  adjusted  by 
admixture  of  benzine,  with  a  red  dye  for  coloring. 
Bromoform  as  obtained  usually  contains  about  1% 
of  alcohol,  which  is  eliminated  by  shaking  the  liquid 
with  clear  water  and  decanting.  The  specific  gravity 
of  the  liquid  can  be  measured  without  the  use  of  a 
hydrometer  by  filling  a  U-tube  half  full,  adding  about 
yi  in.  of  water  on  one  side  and  enough  on  the  other 
t6  deflect  the  liquid  nearly  the  whole  length  of  the 
tube.  If  the  vertical  distance  between  the  tops  of 
the  water  columns  is  A,  and  between  the  tops  of  the 

A 

bromoform  columns  B,  the  specific  gravity  S  =  d  +1- 

If  bromoform  of  a  specific  gravity  of  1.25  is  used 
in  the  U-tube,  the  deflection  will  be  multiplied  four 
times  over  that  of  water  against  air. 
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WEIRS 

Able  investigators  have  expended  much  labor  and 
thought  upon  weirs,  but  there  are  so  many  variables, 
such  as  method  of  measuring  head,  proportions  of 
weir  and  approach  channel,  condition  of  turbulence 
in  the  water  flowing  to  the  weir,  etc.,  which  can 
affect  the  results,  that  accuracy  in  the  use  of  tables 
or  formulas  can  be  expected  only  where  the  exact 
conditions  under  which  the  table  or  formula  was 
established  are  duplicated.  The  following  conditions 
to  be  observed  in  making  weir  measurements  are 
recommended  by  F.  P.  Stearns  and  /.  B.  Francis: 

1.  The  end  contractions  should  be  suppressed,  that 
is,  the  length  of  the  weir  should  equal  the  width  of 
the  channel,  which  should  have  straight,  vertical 
walls  extending  downstream  far  enough  to  confine 
the  nappe  or  sheet  of  falling  water. 

2.  The  channel  should  be  sufficiently  deep  to  give 
low  velocity  of  approach. 

3.  The  weir  and  channel  should  be  protected  from 
wind. 

4.  The  flow  should  be  uniform  and  free  of  oscilla- 
tions. 

5.  The  velocities  in  different  parts  of  the  channel 
should  be  measured  by  means  of  current  meters  and 
screens  should  be  adjusted  until  these  velocities  are 
uniform.  The  more  nearly  uniform  the  velocity  of 
approach,  the  greater  will  be  the  discharge  for  a 
given  measured  head. 

6.  Minor  oscillations  should  be  prevented  by  a 
raft  above  the  screens. 

7.  Piezometers  with  separate  hook  gages  should 
be  provided  on  both  sides  of  the  channel,  with  one 
or  more  in  the  middle  portion,  if  the  channel  is  wide. 

8.  The  upstream  crest  edge  should  be  sharp  and 
strong. 

9.  The  overflowing  stream  should  touch  only  the 
upstream  crest  corner. 

10.  The  nappe  should  be  perfectly  aerated,  that 
is,  true  atmospheric  pressure  should  exist  underneath 
the  sheet  of  water. 

11.  The  upstream  face  of  the  weir  should  be 
vertical. 

12.  The  crest  should  be  level  from  end  to  end. 
Weir    With    End    Contractions    Suppressed — The 

experiments  of  /.  B.  Francis  upon  this  type  of  weir 
were  made  in  the  Pawtucket  Canal  in  1852.  The 
weir  was  9.992  ft.  long  and  the  heads  varied  from 
.73  to  1.06  ft.,  giving  deliveries  between  21  and  34 
cu.  ft.  per  second.    The  head  readings  were  made  in 


wooden  stilling  boxes,  11  in.  by  18  in.,  open  at  the 
top  and  having  a  1-in.  round  hole  through  the 
bottom,  which  was  4  in.  below  the  weir  crest.  A 
leading  channel  having  a  width  equal  to  the  length 
of  the  weir  crest  was  formed  by  constructing  vertical 
timber  walls  within  the  main  canal,  extending  20  ft. 
upstream  from  the  weir  and  having  their  upper  ends 
flaring  about  1  ft.  toward  the  canal  walls.  Flush 
piezometer  pipes  were  used  to  connect  the  hook  gage 
boxes  with  the  inner  face  of  the  side-walls  of  the 
channel  of  approach.  The  mean  depth  of  the  channel 
was  5.048  ft.  and  the  piezometer  pipes  opened  near 
the  bottom  of  the  channel  6  ft.  from  the  weir.  To 
represent  the  results  of  his  experiments  Francis 
devised  the  formula: 


Q  =  3.33  L 


i^^iT 


wht 


Q  =  discharge  in  cu.  ft.  per  second. 

L  =  length  of  weir  in  ft. 

h  =  observed  head  in  ft. 

V  =  mean  velocity  at  point  where  h  was  measured. 

g  =  acceleration  of  gravity. 

G.  S.  Williams  states  that  this  formula  appears  to 
be  correct  within  2%. 

Fteley  and  Stearns  in  1877  made  30  experiments  on 
a  weir  5  ft.  long  and  3.17  ft.  high  with  heads  from 
0.07  to  0.82  ft.  and  deliveries  from  0.36  to  13  cu.  ft. 
per  sec.  They  then  made  10  experiments  in  1879  on 
a  weir  19  ft.  long  and  6.55  ft.  high  with  heads  from 
0.46  to  1.6  ft.  and  deliveries  from  20  to  130  cu.  ft. 
On  the  5-ft.  weir  the  heads  were  taken  1  ft.  above 
the  bottom,  6  ft.  upstream  and  1.5  ft.  from  the  side 
of  the  channel.  On  the  19-ft.  weir  the  heads  were 
taken  by  double  piezometers  in  the  middle  of  the 
fourth  part  of  the  width  just  below  the  level  of  the 
crest.  The  double  piezometer  consisted  of  two 
plates  in  the  faces  of  which  were  orifices.  The  posi- 
tion of  these  plates  was  adjusted  until  the  gage  read 
the  same  upon  both  sides,  thereby  setting  the  plates 
parallel  with  the  stream.  This  weir  had  a  very  short 
approach,  the  lower  screens  being  only  7.45  ft. 
upstream  from  the  weir.  From  their  own  work  and 
that  of  Francis,  Fteley  and  Stearns  derived  the 
formula: 

Q  =  3.31  LH^*'^ -0.007  L, 

including  in  H  a  correction  equal  to  1.5  times  the 
head  due  to  the  average  velocity,  as  indicated  by  the 
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I  discharge  first  computed  by  taking  the  observed  head 

I  as  the  total  head. 

I  Bazins    experiments    on    suppressed    weirs    were 

I  made  near  Dijon,  France,  beginning  in  1886.    The 

I  height  of  the  first  weir  tested  was  3.72  ft.  above  the 

I  channel  bottom  and  the  head  was  measured  in  pits 

I  1.64  ft.  square  placed   16.4  ft.  upstream  from  the 

I  weir  crest  and  communicating  with  the  channel  of 

I  approach  at  the  bottom  of  the  side  of  the  wall  by  a 

I  flush  circular  opening  4  in.  in  diameter.    67  experi- 

I  ments  were  made  on  a  weir  6.56  ft.  long  and  3.72  ft. 

I  high  with  heads  up  to  1.017  ft.,  38  experiments  were 

I  made  with  a  weir  3.28  ft.  long  and  3.72  ft.  high  with 

I  heads  up  to  1.34  ft.,  and  48  experiments  with  a  weir 

I  1.64  ft.  long  and  3.297  ft.  high  with  heads  up  to 

I  1.780  ft.    It  was  believed  that  a  degree  of  accuracy 

I  within  1%  was  obtained.    From  his  own  results  and 

I  those    of   Fteley    and    Stearns,    Bazin    derived    the 

I  formula: 


Q=(o. 


405  + 


0.00984 


)[ 


1  +0.55 


(p+h)^ 


Lhi/2gh 


h  =  observed  head  in  ft. 

p  =  height  of  crest  above  the  bottom  of  the  channel 

of  approach  in  ft. 
L  =  length  of  weir  in  ft, 
Q  =  discharge  in  cu.  ft.  per  second. 
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G.  S.  Williams  states  that,  if  the  same  heads  are 
used  in  each,  the  Francis,  Fteley  and  Stearns  and 
Bazin  formulas  agree  within  3.5%,  but  for  accurate 
work  the  head  should  be  measured  as  done  by  the 
originator  of  the  formula. 

Floyd  A.  Nagler  has  made  23  tests  upon  a  standard 
Bazin  weir,  3.72  ft.  high  and  6.36  ft.  wide,  using  a 
chemical  gaging  method  elaborated  by  B.  F.  Groat. 
The  weir  was  built  up  of  4-in.  timbers,  the  crest  being 
formed  of  a  yi-m.  brass  strip  inserted  flush  in  the  face 
of  a  7  X  ^-in.  plate  of  cold  rolled  steel.  The  sides 
of  the  flume  extended  6  ft.  beyond  the  weir,  but  the 
floor  stopped  at  the  weir,  aflFording  aeration.  The 
free  basin  ahead  of  the  weir  was  about  90  ft.  in 
length  to  the  vertical  and  horizontal  baffles  which 
were  used  to  equalize  velocity.  A  float  was  placed 
about  28  ft.  above  the  weir  to  still  surface  commo- 
tion. The  bottom  of  the  flume  was  level  throughout. 
Heads  were  measured  by  hook  gages  in  galvanized 
tanks  connected  to  the  flume  by  2-in.  pipes  ending 


in  openings  flush  with  the  inside  wall  of  the  flume. 
Hook  No.  1  was  connected  6  ft.  from  the  weir  and 
0.414  ft.  below  the  crest.  No.  2  to  points  6  ft.  from  the 
weir  and  6  in.  from  the  bottom  of  the  flume,  and  No. 
3  to  points  on  both  sides  16.35  ft.  from  the  weir  and  6 
in.  above  the  floor.  A  piezometer  tube  l}4  in.  in 
diameter  was  also  connected  11  ft.  from  the  weir, 
and  6  in.  below  the  crest.  The  simultaneous  gage 
readings  with  similar  taps  at  different  points  were 
found  to  differ  by  not  more  than  .005  ft.  in  extreme 
cases,  which  Nagler  believes  to  show  that  the  dis- 
crepancies of  the  Bazin,  Fteley  and  Stearns  and 
Francis  formulas  are  not  to  be  attributed  to  the 
diff^erent  points  at  which  their  gages  were  connected. 
The  discharge,  calculated  by  the  salt  method,  was 
found *to  agree  within  1%  with  the  Bazin  formula 
from  5.65  cu.  ft.  per  second  at  .393-ft.  head  up  to 
191.28  cu.  ft.  per  second  at  3.934-ft.  head.  In  a  dis- 
cussion of  Nagler  s  results,  Stearns  states  his  belief 
that  the  most  important  cause  of  diflference  between 
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the  results  of  different  investigators  has  been  the 
motion  of  the  water  approaching  the  weir  and  oscilla- 
tions upon  its  surface.  He  advises  that  special  care 
should  be  taken  to  produce  a  uniform  velocity  in  all 
parts  of  the  cross  section.  A  long  channel  without 
screens  will  cause  the  maximum  velocity  to  be  at 
the  middle  of  the  channel.  Screens,  with  a  raft  to 
prevent  minor  oscillations,  should  be  so  located  as 
to  produce  uniform  velocity  at  some  point  more 
distant  from  the  weir  than  lyi  times  its  height,  and 
an  additional  distance  of  10  ft.  to  20  ft.  to  the 
screen  is  also  advantageous  to  eliminate  bubbles, 
whirls,  etc.  The  orifices  at  each  end  of  the  pipe  con- 
necting the  hook  gage  pail  and  the  channels  should 
have  equal  discharging  capacity,  and  even  then  there 
is  no  certainty  of  measuring  head  correctly  if  there 
are  oscillations  in  the  channel. 

In  the  chart  on  p.  91,  Nagler  has  compared  the 
results  of  other  experimenters  with  his  own.  In  this 
diagram  the  stars  indicate  values  for  the  coefficient 
C  in  the  formula 

Q  =  CLH  '/' 

which  would  satisfy  Nagler  s  hydrochemical  experi- 
ments. The  results  of  other  experimenters  have  been 
reduced  to  like  channel  conditions,  that  is,  height  of 
weir  =3.72  ft.,  by  reducing  their  derived  formulas. 


Weirs  With  Full  End  Contractions — The  weir  with 
full  end  contractions  requires  a  somewhat  greater 
head  for  the  measurement  of  a  given  quantity  of 
water  than  does  the  suppressed  weir.  In  the  opinion 
of  A.  A.  Barnes,  however,  it  is  the  most  simple  and 
perfect  apparatus  for  measuring  water  in  channels 
and  rivers  or  out  of  pools  and  reservoirs. 

The  sides  of  the  channel  should  not  be  nearer  to  any 
point  of  the  weir  crest  than  twice  the  head,  while  the 
distance  from  the  bottom  of  the  channel  to  the  weir 
crest  should  not  be  less  than  three  times  the  head, 
the  minimum  distance  in  every  direction  being  12  in. 
On  the  downstream  side,  neither  the  bed  nor  the 
sides  should  be  nearer  than  6  in.,  while  the  tail  water 
should  not  rise  higher  than  within  3  in.  Barnes  has 
devised  a  formula  which  fits  the  results  of  Poncelet 
and  Lesbros  upon  a  weir  .6562  ft.  long  with  heads  up 
to  .21326  ft.,  of  Castel  upon  weirs  .6562  ft.  and  .9843 
ft.  long  with  heads  up  to  .19701  ft.  and  .26316  ft. 
respectively  and  of  Francis  upon  weirs  3.999  ft.  and 
9.997  ft.  long  with  heads  up  to   1.02820  ft.   and 


1.57828  ft.  respectively,  very  closely,  usually  well 
within  1%,  and  he  makes  the  following  suggestions 
regarding  its  use: 

The  head  is  to  be  measured  by  means  of  a  hook 
gage  at  a  point  6  ft.  upstream  from  the  weir,  pref- 
erably in  a  separate  gage  box.  The  area  of  the 
approach  channel  also  is  to  be  measured  at  this  point. 
Both  sides  and  crest  should  be  sharp-edged  or  should 
have  a  sharp  right-angle  edge  upstream.  Make  a 
preliminary  calculation  of  the  discharge  by  the 
formula: 

Q  =  3.324  H '-^^  L  >■'•  (L  +  2h)-" 

in  which 

Q  =  discharge  in  cu  ft.  per  second, 
h  =  observed  head  in  ft. 
L  =  length  of  weir  in  ft. 

From  this,  obtain  the  velocity  of  approach,  u,  at 
the  point  where  the  head  is  measured,  from  which 

calculate  a  correction  -~^  to  be  added  to  h  to  obtain  a 

working  head  H  to  be  used  in  the  following  equation : 

Q  =  3.324  H '•^'*  L '■''  (L  +  2H)-" 

Circular  Weirs — /.  F.  Gourley  constructed  circular 
weirs  by  setting  cast-iron  pipes  3  ft.  long  and  6  in.  to 
24  in.  in  diameter  over  an  aperture  in  the  bottom 
of  a  9)4  X  6}^  ft.  concrete  tank  3>^  ft.  deep.  The 
pipes  were  faced  on  the  spigot  end  and  the  outside 
surface  trued  up  for  a  length  of  about  2  in.  The 
inside  was  turned  to  a  bevel  of  60°,  leaving  -^  in.  to 
}4  in.  of  the  face  end  intact,  variations  within  these 
limits  not  affecting  the  flow.  The  faced  upper  end 
was  accurately  leveled.  Water  was  supplied  from  a 
second  concrete  tank  through  a  triangular  notch  and 
was  received  in  the  lower  tank  behind  baffle  boards. 
The  flow  was  represented,  with  a  maximum  error  of 
less  than  0.2%,  by  the  formula: 


Q  =  (0.1968D  + 9.0943)  D  H'-^ 


in  which 


Q  =  delivery  in  cu.  ft.  per  second. 

H  =  head  in  ft. 

D  =  diameter  of  weir  in  ft. 

The  measuring  chamber  should  be  at  least  3D  by 
3D  in  plan  and  never  less  than  3  ft.  by  3  ft.  The 
depth  below  the  edge  of  the  weir  should  be  not  less 
than  5H. 
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V-Notch  Weirs — The  triangular  or  V-notch  weir 
requires  a  greater  head  than  any  of  those  previously 
considered,  and  is  therefore  used  principally  for  the 
measurement  of  relatively  small  flows.  It  has  the 
advantage  that  the  head  to  be  measured  at  small 
flows  is  relatively  large  and  that  the  cross-section  of 
discharge  for  any  given  angle  at  the  apex  is  similar 
at  all  heads.  It  should  not  be  inferred  from  this, 
however,  that  one  coefficient  can  be  used  for  all 
heads  in  the  theoretical  equation 

q  =  c  h^^^ 

James  Thompson,  who  experimented  upon  V-notch 
weirs  at  Belfast  in  1858,  chose  a  mean  value  of  c  of 
.305  for  a  right-angle  notch,  q  being  measured  in 
cu.  ft.  per  minute,  and  h  in  inches.  James  Barr, 
who  made  several  hundred  experiments,  gave  the 
following  values  for  the  discharge  through  a  90° 
narrow  edge  smooth  brass  notch  with  a  practically 
unlimited  approach  channel: 


Head,  Ins. 

Cu.  Ft.  per  Min. 

Head,  Ins. 

Cu.  Ft.  per  Min. 

2 

1.755 

6y2 

32.49 

2y2 

3.045 

7 

39.05 

3 

4.782 

iy 

46.34 

3>^ 

7.002 

8 

54.415 

4 

9.750 

%y2 

62.92 

43^ 

13.05 

9 

72.90 

5 

16.95 

9>^ 

83.33 

sy2 

21.46 

10 

94.70 

6 

26.63 

The  above  results,  which  Barr  believes  to  give  the 
true  discharge  within  3^  of  1%,  are  well  repre- 
sented by  the  formula 

q  =  .31358h^*' 

Tests  on  a  notch  cut  in  a  steel  plate  bevelled  to 
Y%  ir»'  made  under  the  direction  of  K.  W.  King  gave 
the  following: 


Head,  Ft. 

Discharge,  Cu.  Ft.  per  Sec. 

.159 

.029 

.370 

.214 

.529 

.533 

.618 

.785 

.682 

.986 

.826 

1.576 

.      1.014 

2.614 

1.202 

4.030 

1.324 

5.089 

1.433 

6.119 

1.790 

10.539 

of  the  steel  notch  plate.     They  can  be  represented 
quite  accurately  by  the  formula 

Q  =  2.52  H^-*' 
in  which  Q  is  in  cu.  ft.  per  second,  and  H  in  ft. 

The  flume  was  8.05  ft.  wide  and  about  5  ft.  deep, 
and  the  apex  of  the  weir  was  2.0  ft.  above  the 
bottom  of  the  tank.  The  head  was  measured  with 
a  hook  gage  in  a  pail  attached  by  a  hose  to  the  side 
of  the  flume  about  6  ft.  upstream  from  the  weir. 
The  discharge  was  weighed. 

Doebler  and  Rayfield,  who  made  tests  on  a  28°  4' 
notch  with  heads  up  to  3  ft.,  report  the  formula 

Q  =  0.6405  H-'  "^ 
while   F.   M.   Cone,  who  experimented  on   a   120° 
notch  with  heads  up  to  1.35  ft.,  obtained Q  =  4.40H'**', 
while  with  a  60°  notch  he  obtained  Q=\M6W"\ 

To  obtain  the  coefficient  for  a  notch  of  a  different 
angle  modify  the  coefficient  which  has  been  deter- 
mined by  experiment  for  a  notch  of  nearly  the  same 
angle  in  the  ratio  of  the  tangents  of  the  halves  of 
the  respective  angles. 

In  order  that  the  flow  may  be  independent  of  the 
channel  width,  the  latter,  as  shown  by  Barr^  should 
be  at  least  8  times  the  head  on  a  90°  notch,  while 
the  depth  of  the  channel  below  the  apex  should  be 
about  3  times  the  head  with  a  3-in.  head,  and  4 
times  the  head  with  a  4-in.  head. 


These  values  are  about  2%  higher  than  Barrs, 
which  King  explains  as  being  due  to  the  roughness 


Various  instruments  are  available  for  indicating, 
recording  and  integrating  the  flow  over  V-notch 
weirs.  The  above  diagram  illustrates  the  principle 
of  the  Cochrane  recorder.  By  varying  the  diameter 
of  the  cable  drum  it  can  be  adapted  to  weirs  of 
diflPerent  heights,  while  by  substituting  a  different 
cam  plate  it  can  be  used  in  connection  with  weirs 
other  than  the  V-notch,  such  as  the  Bazin  weir. 
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CONSTANTS  AND  FORMULAS 
Pressures 

1  atm.  =  14.7  Ibs./sq.  in.  at  sea  level.  Roughly  the 
barometric  pressure  decreases  yi  lb.  per  sq.  in.  per 
1000  ft.  ascent. 

1  lb.  per  sq.  in.  =  2.0416  in.  Mercury  at  62°  F. 
=  2.0355  in.  Mercury  at  32°  F. 
=  27.71  in.  Water  at  62°  F. 
=  2.309  ft.  of  Water  at  62°  F. 
=  0.0703  kg.  per  sq.  cm. 


1  ft.  of  Water  at  62°  F. 
1  in.  of  Mercury  at  62°  F. 


=  .433  lb.  per  sq.  in. 
=  .491  lb.  per  sq.  in. 
=  1.132  ft.  of  Water  at 
62°  F. 


Horse  Power,  Efficiency,  Etc. 

1  horse  power  =  33,000  ft.  lbs.   per  min.  =  550  ft. 
lbs.  per  sec. 


1  K.W. 


=  0.746  K.W. 

=  1.3405  horse  power. 


Water  H.P.  = 


G.P.M.  X  head  in  feet 


Efficiency  = 


3960 

W.H.P. 
B.H.P. 


B.H.P.     of    D.C.     Motor  =  Volts  X  Amp.  x  1.34  x 
efficiency. 

B.H.P.  of  A.C.    Motor  =  Volts  X  Amp.  x  cos  »    x 

^  X  1.34  X  motor  efficiency, 
where  K  =  \  for  single-phase,  K  =  2  for  two-phase, 
K  =  1.732    for    three-phase    and    cos    d    =   power 
factor  of  motor. 


Duty 


1980  X  efficiency  X  1,000,000 
Steam  per  B.H.P. /hour 


Duty  = 


W.H.P.x  1980  X  1,000,000 
Total  steam  per  hour 


ft.  lbs.  per 
1000  lbs. 
of  steam. 


^     ,                   ,            /F.i7.P.x  1980  X  1,000,000 
iotal  steam  per  hour  =  p^ 


Metric  Conversion  Table 

1  U.  S.  gal.  =  3.785  Utre. 
1  litre  =  0.2642  gal. 

1  foot  =  0.3048  meter. 


Duty 


1  meter  =  3.28      ft. 
1  lb.       =  0.4536  kg. 
1  kg.      =  2.2046  lb. 


1  lb.   per  sq.   in.  =  0.0703  kg.  per  sq.  cm. 
1  kg.  per  sq.  cm.  =  14.223  lb.  per  sq.  in. 

Weight  of  one  cubic  foot  of  pure  water  at  32° 
F.  =  62.418  lbs.,  at  39.1°F.  (max.  density)  =  62.425 
lbs.,  at  62°  F.  =  62.355  lbs.,  at  212°  F.  =  59.75  lbs. 

1  U.S.  gallon  =231  cubic  inches,  =  0.133  cubic 
feet,  =  8.3356  pounds  of  water  at  62°  F. 

1  cubic  ft.  =  7.48  U.  S.  gal.,  1  Imperial  gal.  =  1.2 
U.  S.  gal. 

Velocities,  Etc. 

V  =  Vel.  ft.  per  sec.     A  =  Area  sq.  in. 

D  =  Diam.  pipe  ins.      Q  =Water  quantity,  G.P.M. 


Q  =  2.45  V  D 


2     Q      3.21       Q 
^10       ^     ^10 


Gal.  per  24  hours  =  3530  X  Vx  D\ 


Q  = 


lOxJxF 
3.21 


dW' 


Q 


2.45  F 


Velocity  head,  h  =  x-,  g  =  32.16  ft.  per  sec.  per  sec. 

PIPE  FRICTION 

To  estimate  accurately  the  loss  of  head  due  to  pipe 
friction  is  one  of  the  greatest  difficulties  in  connection 
with  determining  the  exact  operating  conditions  for 
proposed  pumping  installations.  This  difficulty  is  due 
to  the  fact  that  pipe  friction  for  any  given  length  of 
pipe  varies  greatly  with  the  character  of  the  surface  of 
the  pipe,  number  of  bends,  shape  of  the  fittings,  etc. 
The  friction  in  the  pipe  itself  can  be  determined  rea- 
sonably closely,  but  the  loss  due  to  friction  and  shocks 
in  elbows,  tees  and  fittings  is  an  unknown  and  uncer- 
tain quantity.  Great  care  should  be  used  in  laying 
out  water  piping  to  avoid  sudden  changes  in  velocity 
or  sudden  changes  in  direction  of  the  rapidly  moving 
stream.  Also,  it  is  quite  necessary  that  proper  atten- 
tion be  given  to  the  velocity  of  the  water  through  the 
pipe  and  fittings  and  that  a  velocity  be  selected  con- 
sistent with  length  and  character  of  the  pipe  and 
general  arrangement  of  the  installation. 

In  order  to  estimate  the  loss  of  head  through  fric- 
tion in  piping,  the  chart  on  the  following  page  may 
conveniently  be  used. 
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-  /Soooo 

-  /oo  ooo 
Soooo 
Soooo 
70000 
Soooo 

-Soooo 

-4-0000 

-  30000 

-20000 
/Sooo 


—/oooe 
Sooo 
sooo 
7000 
6000 

—Sooo 


.  Sooo 


•Zooo 


~—  /Soo 


-/ooo 
Boo 
300 
7oo 
600 

"Soo 

<So 

^<oo 

3SO 

~3oo 


.Poo 
/So 


-/oo 
9o 
So 
7o 

-5» 


I 


I 


■  9S 

■So 

•34 

■7S 

.7£ 

■6£ 
.60 

■^3 

•  4Z 

•  36 
'So 

•^'4. 

-/s 

-/6 
•/4 

■/2 
■/O 


.3 

.2.S 


I 


0,1 


0.3 


0,4 


O.S  — = 

0.6  — 


IS 


10 


20 


30 


300 


^00. 


Chart  for  determining  resistance  of  pipes  to  flow  of  water. 
Place  straight  edge  across  diagram  intersecting  scales  at  known  quantities.   Intersection  with  third  scale  will  give  unknown  quantity. 
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Size  of        0  t-    7 
Pipe,  inches   ^  *° -^ 

4 

5 

6 

8 

10 

12 

16 

20 

24 

30 

36 

42 

48 

54 

60 

c 

K 

Condition  of  pipe 

Year  of  Service  for  Cast- 

IronP 

ipe 

140 

.54 

Very  smooth  and 
straight  Brass,  Tin,  etc. 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

130 

.615 

Ordinary  straight 
Brass  or  Tin 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

120 

.715 

Smooth  new  Iron 
(Also  Wood-Stave.) 

4 

4 

4 

5 

5 

5 

^ 

3 

5 

5 

6 

6 

6 

6 

6 

6 

110 

.84 

New  rivetted  Steel 

10 

10 

10 

11 

11 

11 

12 

12 

12 

12 

12 

12 

100 

1.0 

Ordinary  Iron 

13 

14 

15 

16 

17 

17 

18 

19 

19 

19 

20 

20 

20 

20 

20 

90 

1.21 

26 

27 

28 

29 

30 

30 

30 

30 

31 

31 

80 

1.51 

Old  Iron 

26 

28 

30 

33 

35 

37 

39 

41 

42 

43 

44 

45 

45 

46 

47 

60 

2.58 

Very  rough 

45 

50 

55 

62 

68 

40 

5.45 

Badly  tuberculated 

75 

87 

95 

00  indicates  the  very  best  cast-iron  pipe  laid  perfectly  straight,  and  when  new. 
0  indicates  good  new  cast-iron  pipe. 


If  the  water  quantity  passing  through  the  pipe  and 
the  size  of  the  pipe  are  known,  the  friction  head  in 
1000  ft.  length  of  pipe  is  found  by  laying  a  straight 
edge  through  the  known  points  of  the  scales  repre- 
senting capacity  and  size  of  pipe.  The  friction  head 
is  then  read  off  on  the  third  scale  at  the  point  of 
intersection  between  the  straight  edge  and  this  scale. 

The  values  obtained  from  the  chart  on  p.  95  are 
based  upon  the  Hazen-Williams  formula — 


V  =  cr 


'(t) 


0.5t  0.12 

X  10 


where  v  is  the  velocity  in  feet  per  second,  r  is  the 

,     ,       ,.        ,.           diameter  .      -         ,     ,       r  •    • 
hydraulic  radms  =  j m  reet,  k  the  rnction 

head  and /the  length  of  piping,  cis  a  constant  depend- 
ing upon  the  roughness  of  the  pipe  and  upon  the 
hydraulic  radius. 

The  formula  can  also  be  written 


,      / 147.85       Q  \ 


1.852 


where  h  is  the  friction  head  in  feet  for  /  =  1000  ft., 
Q  is  the  water  quantity  in  gallons  per  minute  and  d 
is  the  diameter  of  pipe  in  inches. 

The  chart  is  based  upon  a  value  of  <:  =  100,  which 
is  mostly  used  and  considered  safe  for  ordinary 
conditions. 

For  other  value  of  c  the  figure  obtained  from  the 


chart  should  be  multiplied  hy  K  =  \  


-( 


100  \  1-852 


For  information  regarding  coefficient  c  for  different 
kinds  and  size  of  pipes,  and  also  values  of  iT  for  differ- 
ent values  of  c,  see  table  above. 

As  a  rule  a  velocity  of  six  to  eight  feet  per  second 
should  not  be  exceeded  in  piping,  as  a  higher  velocity 
is  apt  to  result  in  excessive  friction  loss.  It  is  also 
true  that  seldom  if  ever  should  the  piping  be  installed 
of  the  same  size  as  that  of  the  outlet  or  inlet  of  the 
pump.  The  only  correct  method  of  determining  the 
pipe  size  is  one  which  includes  a  careful  analysis  of 
the  velocity  of  the  water  through  the  piping,  length 
and  character  of  the  piping,  number  of  fittings, 
bends,  etc. 
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Pounds  per  sq.  in.  to  Head  in  ft. 

For  Water  at  62°  F.,  weighing  62.364  lb.  per  cu.  ft. 


Pounds 

Head 

Pounds 

Head 

Pounds 

Head 

Pounds 

Head 

Pounds 

Head 

Pounds 

Head 

Pounds 

Head 

per 
Sq.In. 

in 
Feet 

per 
Sq.In. 

in 
Feet 

per 
Sq.  In. 

in 
Feet 

per 
Sq. In. 

in 
Feet 

per 
Sq.  In. 

in 
Feet 

per 
Sq. In. 

in 
Feet 

per 
Sq.  In. 

in 
Feet 

1 

2.309 

23 

53.12 

45 

103.9 

67 

154.7 

89 

205.5 

155 

357.9 

330 

762.1 

2 

4.619 

24 

55.43 

46 

106.2 

68 

157.0 

90 

207.8 

160 

369.5 

340 

785.2 

3 

6.928 

25 

57.74 

47 

108.5 

69 

159.3 

91 

210.2 

165 

381.0 

350 

808.3 

4 

9.238 

26 

60.05 

48 

110.8 

70 

161.7 

92 

212.5 

170 

392.6 

360 

831.4 

5 

11.55 

27 

62.36 

49 

113.2 

71 

163.0 

93 

214.8 

175 

404.1 

370 

854.5 

6 

13.86 

28 

64.66 

50 

115.5 

72 

166.3 

94 

217.1 

180 

415.7 

380 

877.6 

7 

16.17 

29 

66.97 

51 

117.8 

73 

168.6 

95 

219.4 

185 

427.2 

390 

900.7 

8 

18.48 

30 

69.28 

52 

120.1 

74 

170.9 

96 

221.7 

190 

438.8 

400 

923.8 

9 

20.78 

31 

71.59 

53 

122.4 

75 

173.2 

97 

224.0 

195 

450.3 

410 

946.9 

10 

23.09 

32 

73.90 

54 

124.7 

76 

175.5 

98 

226.3 

200 

461.9 

420 

970.0 

11 

25.40 

33 

76.21 

55 

127.0 

11 

177.8 

99 

228.6 

210 

485.0 

430 

993.1 

12 

27.71 

34 

78.52 

56 

129.3 

78 

180.1 

100 

230.9 

220 

508.1 

440 

1016. 

13 

30.02 

35 

80.83 

57 

131.6 

79 

182.4 

105 

242.4 

230 

531.2 

450 

1039. 

14 

32.33 

36 

83.14 

58 

133.9 

80 

184.8 

110 

254.0 

240 

554.3 

460 

1062. 

15 

34.64 

37 

85.45 

59 

136.3 

81 

187.1 

115 

265.5 

250 

577.4 

470 

1085. 

16 

36.95 

38 

87.76 

60 

138.6 

82 

189.4 

120 

277.1 

260 

600.5 

480 

1108. 

17 

39.26 

39 

90.07 

61 

140.9 

83 

191.7 

125 

288.6 

270 

623.6 

490 

1132. 

18 

41.57 

40 

92.38 

62 

143.2 

84 

194.0 

130 

300.2 

280 

646.6 

500 

1155. 

19 

43.88 

41 

94.69 

63 

145.5 

85 

196.3 

135 

311.7 

290 

669.7 

20 

46.19 

42 

97.00 

64 

147.8 

86 

198.6 

140 

323.3 

300 

692.8 

21 

48.50 

43 

99.31 

65 

150.1 

87 

200.9 

145 

334.8 

310 

715.9 

22 

50.81 

44 

101.6 

66 

152.4 

88 

•203.2 

150 

346.4 

320 

739.0 
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Inches  of  Mercury  to  Feet  of  Water 

1  in.  Hg=  1.1325  Ft.  Water 


INCHES  OF 
MERCURY 

FEET  OF 

WATER 

Fractions 

0 

H 

% 

H 

y^ 

H 

^ 

yi 

0 

.0 

.142 

.283 

.425 

.566 

.708 

.849 

.991 

1 

1.13 

1.27 

1.41 

1.55 

1.70 

1.84 

1.98 

2.12 

2 

2.27 

2.41 

2.55 

2.69 

2.83 

2.97 

3.12 

3.25 

3 

3.40 

3.54 

3.68 

3.82 

3.96 

4.10 

4.24 

4.38 

4 

4.53 

4.67 

4.81 

4.95 

5.09 

5.23 

5.37 

5.51 

5- 

5.66 

5.80 

5.94 

6.08 

6.22 

6.36 

6.50 

6.64 

6 

6.79 

6.93 

7.07 

7.21 

7.36 

7.50 

7.64 

7.78 

7 

7.93 

8.07 

8.21 

8.35 

8.49 

8.63 

8.77 

8.91 

8 

9.06 

9.20 

9.34 

9.48 

9.62 

9.76 

9.90 

10.04 

9 

10.19 

10.33 

10.47 

10.61 

10.76 

10.90 

11.04 

11.18 

10 

11.33 

11.47 

11.61 

11.75 

11.89 

12.03 

12.17 

12.31 

11 

12.46 

12.60 

12.74 

12.88 

13.03 

13.17 

13.31 

13.45 

12 

13.59 

13.73 

13.87 

14.01 

14.16 

14.30 

14.44 

14.58 

13 

14.72 

14.86 

15.00 

15.14 

15.29 

15.43 

15.57 

15.71 

14 

15.85 

15.99 

16.13 

16.27 

XGAl 

16.56 

16.70 

16.84 

15 

16.99 

17.13 

17.27 

17.41 

17.55 

17.69 

17.83 

17.97 

16 

18.12 

18.26 

18.40 

18.54 

18.69 

18.83 

18.97 

19.11 

17 

19.25 

19.39 

19.53 

19.67 

19.82 

19.96 

20.10 

20.24 

18 

20.39 

20.53 

20.67 

20.81 

20.95 

21.09 

21.23 

21.37 

19 

21.52 

21.66 

21.80 

21.94 

22.09 

22.23 

22.37 

22.51 

20 

22.65 

22.79 

22.93 

23.07 

23.22 

23.36 

23.50 

23.64 

21 

23.78 

23.92 

24.06 

24.20 

24.35 

24.49 

24.63 

24.77 

22 

24.91 

25.05 

25.19 

25.33 

25.48 

25.62 

25.76 

25.90 

23 

26.05 

26.19 

26.33 

26.47 

26.61 

26.75 

26.89 

27.03 

24 

27.18 

27.32 

27.46 

27.60 

27.74 

27.88 

28.02 

28.16 

25 

28.31 

28.45 

28.59 

28.73 

28.88 

29.02 

29.16 

29.30 

26 

29.44 

29.58 

29.72 

29.86 

30.01 

30.15 

30.29 

30.43 

27 

30.58 

30.72 

30.86 

31.00 

31.14 

31.28 

31.42 

31.56 

28 

31.71 

31.85 

31.99 

32.13 

32.28 

32.42 

32.56 

32.70 

29 

32.84 

32.98 

33.12 

33.26 

33.41 

33.55' 

33.69 

33.83 

30 

33.97 

34.11 

34.25 

34.39 

34.54 

34.68 

34.82 

34.96 
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DE  LAVAL  STEAM  TURBINE  CO. 


TRENTON 

NEW  JERSEY 


Manufacturing  Policy 


The  organization  and  equipment  of  the  De  Laval  shops  have  been  developed  during  a 
period  of  25  years  in  the  manufacture  of  steam  turbines,  centrifugal  pumps  and  compressors 
and  speed-reducing  gears.  The  salient  features  of  the  production  system  may  be  outlined  as 
follows : 

Only  high-grade  work  is  done.  Cheap,  rough  work  and  high-grade  work  cannot  be  com- 
bined successfully  under  one  management  and  one  roof,  for  the  reason  that  workmen  capable 
of  producing  high-grade  precision  work  do  not  work  so  rapidly  as  is  necessary  for  cheap  pro- 
duction and  men  trained  to  produce  cheap  work  are  utterly  unfit  for  precision  work.  The 
same  considerations  apply  to  the  machine  tool  equipment. 

The  production  of  high  quality  and  accurate  work  requires  standardization  of  products 
and  of  designs.  For  this  reason  the  De  Laval  Steam  Turbine  Co.,  when  bringing  out  new 
apparatus  or  modifying  existing  machines,  first  makes  the  parts  on  experimental  orders  and 
after  they  are  fully  tried  and  tested,  standardizes  the  parts  and  makes  the  necessary  gage  and 
tool  equipment  to  produce  them. 

High-grade  work  requires  the  careful  selection  and  inspection  of  all  materials  and  careful 
inspection  of  the  finished  product  by  means  of  limit  gages.  This  also  insures  accurate  dimen- 
sions of  repair  parts  and  perfect  interchangeability.  In  the  De  Laval  shops  the  inspectors  are 
held  individually  responsible  for  every  piece  that  passes  through  their  hands  and  are  required 
to  stamp  on  each  a  symbol  number  to  identify  it  and  a  further  mark  to  identify  the  inspector. 
The  stencilled  symbol  number  is  of  material  assistance  to  the  purchaser,  as  by  simply  ordering 
by  the  symbol  number,  an  exact  duplicate  of  the  part  can  be  obtained,  no  matter  how  old 
the  machine  may  be. 

All  De  Laval  apparatus  is  fully  tested  before  leaving  the  works. 


Products 


Descriptive  literature  relating  to  the  following  apparatus  manufactured  by  the  De  Laval 
Steam  Turbine  Co.  will  be  sent  upon  request. 


DE  LAVAL  SINGLE-STAGE  TURBINES 

For  High-pressure  Condensing,  Low-pressure,  Mixed- 
flow  and  Non-condensing  service.  All  sizes  below 
600  h. p.    Catalog  A. 

DE  LAVAL  VELOCITY-STAGE  TURBINES 

For  High-pressure  Condensing,  Low-pressure,  Mixed- 
flow  and  Non-condensing  service.  All  sizes,  1  h.p.  to 
600  h. p.    Catalog  C. 

DE  LAVAL  PRESSURE-STAGE  TURBINES 

For  High-pressure  Condensing,  Low-pressure,  Mixed- 
flow,  Non-condensing,  Back-pressure  and  Extraction 
service.  All  sizes,  50  to  15,000  h.p.   Catalogs  D  and  E. 


DE  LAVAL  DOUBLE-HELICAL  GEARS 

All  sizes,  for  all  speed  ratios  up  to  25  to  1  in  one 
step.    Catalog  M. 

DE  LAVAL  CENTRIFUGAL  PUMPS 

Horizontal    and    Vertical,    Single    and    Multi-stage. 
For  all  Heads  and  Capacities.    Catalog  B. 

DE  LAVAL  GEARED  MARINE  TURBINES 

Catalog  M. 

DE  LAVAL  CENTRIFUGAL  BLOWERS 

AND  COMPRESSORS 

Single  and  Multi-stage.  .  For  all  volumes  and  pres- 
sures up  to  125  lbs.   Catalog  F. 


SPECIAL,  C 
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